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EFFLUENT MONITORING PROCEDURES: NUTRIENTS 



This course is designed for the treatment plant operator or 
tec{wician who is required to monitor effluent discharges 
under a National Pollutant Discharge Elimination System (NPDES) 
Permit, and who has had little or no previous experience in ^ 
wastewater analysis. v 

Th€f. course includes procedures for measuring. Total Phosphorus i 
(as P), Chemical Oxygen Demand, Kjeldahl (Total). Nitrogen, 
Ammonia (as N), Organic Nitrbgen/b^^^^ N 
and Ammonia N» Nitrate^NitnUe (as ^N), Nitrite (as/N), ;Ni trate 
fas N)^by.difference of^Nitrate^Nitr^te N ^^^^ 
01] and Grease. The course also includes procedures for ^r^^ 
sk111s--using?a spectrophbtoWeter/and pr^ 
graph* 



During thexourse, the student: vill perfom 
analytical procedure for each of the measurerrfents. At the 
conclusion, he Will be given a certificate verifying w^^^ 
measurements he performed in a satisfactory manner. 
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DISCLAIMER 



\ - 



Reference to ccMnmerclal products, trade names, or 
nianufacturers is for purposes of example and niustration/ 
Such references do not constitute endorsement by the 
Office of Water Program Operations, U.S. Environmental 
Protection Agency. \ 



^^^^^^ 



CONTENTS 



/uia 1 jr i# 1 ca I r roccQurcs » . 


Outline Number 


Use of a Spectrophotometer 


1 


Preparation of Calibration Graphs 


2 ^ 


Determination of Total Phosphorus (as P) or of ^ 


3 


Orthophosphate (as P), Single Reagent Method 


• 


Determination of Chemical Oxygen Demand" 


4 


Determination of Total KJeldahl Nitrogen 


5 


Nitrogen, Ammonia'' Determination 


6 


Determination of Nitrate-Nitrite Nitrogen and of 


7 


Nitrate Nitrogen, Cadmium Reduction Method 




Determination of Oil and .Grease 


8 


Other Aaproved Analytical Procedures 




Determination of Ammonia by an Ammonia Selective 


9 


Ion Electrode 



V 



m 



A PROTOTYPE FOR DEVELOPMENT .OF 
ROUTINE OPERATIONAL PROCEDURES 

for the 
USE OF A SPECTRDPH0T5mETER 



as applied In 

WASTEWATER TREATMENT FACILITIES 
and In the 
MONITORING OF EFFLUENT UASTEWATERS 



National Training Center 
Municipal Operations and Training Division 
Office of Water Program Operations 
U.S. Env1ronme:-:i1 Protection Agency 



'CH.IN.sp.EMP.1a.9.75 



Page No. VI 



FFFLUENT MONITORING PROCEDURE': Use of a Spectrophotometer 



This operational procedure was developed by: / 
NAME .1. Charles Feldmann 

ADDRESS EPA-WPO-National Training G^pter, Cincinnati, Oh 45268 
POSITION Chemist-Infstrjuctor 
EDUCATION AND TECHNICAL BACKGROUND ' 




B.S, - Chemistry "-T;- ^ 

M.S. - Chemistry 

1-1/2 years Industrial Chemist : ' 

, 4 years college Chemistry Instructor 
1-1/2 years DHEW - Air Pollution Program, Chemist 
4-1/2 years DI - EPA, Chemist-Instructor 
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EFFLUENT MONITORING PROCEDURE : Use of a Spectrophot ometer 



1. Analysis Objectives: 

The user of the attached effluent monitoring procedure will learn how 
to use the Bausch and Lomb Spectronic 20 Spectrophotometer for making 
colorlmetric measurements. 

\ 

-2, Brief 'Oescrlptlon'of Analysis: 



■,Iri-4;he-f-ieul-of-water~ponut.ion analysl$^,-many-determ1nat1on^ar-e.^ 
based on measurlpn the intensity of color at a pair^tlcular wavelength. 
In general, color Is formed In the sample by some sort of preliminary 
treatment such as distillation or digestion, and then adding. a color 
developing reagent. The Intensity of the color formed Is related to 
the anpunt of material (such as phosphorus) In the sample. As part 
of the analysis, color Is also"developed In a series of "standards; 
In each of the standards Is a known amount of the material (such as 
phosphorus) of Interest. A calibration curve Is made using the 
color Intensities ^f the Individual standards and the' corresponding 
amounts of material present. The amount of material present in the 
sample Is determined using the calibration curve, A Bausch and Lomb 
Spectronic 20 Spectrophotometer Is an Instrument used to measure the 
color Intensities of the standards and sample. The word absorbance 
Is associated with the words color intensity; i.e., a sample or 
standard which has a low color intensity will also have a low absorbance, 



Source of Procedure: Spectronic 20 Spectrophotometer Operating Manual, 
Bausch & Lomb, Rochester, New York 14602 



Mention of a particular brand name does not constitute endorsement by 
the U.S. Environmental Protection Agency 
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'EFFLUEHT HONITORING PROCEDURE: Use of a Spectrophotometer 



General Description of Equipment Used In the Process 

A. Capital 

K One Bausch and Lomb Spectronic 20 Spectrophotometer 
2* One manufacturer's manual for the spectrophotometer 
3. Stm, or other source of distilled water 
4* Hotplate 

5. O ne spect rophotometer ce ll - A set of cells may be used 
only if the cells are optlcaTly matched: OneHcel 1^1*601 d 
be used for each solution* 

B. Reusable 

K Brjsh (for cleaning spectrophotometer cell) 

2. Laboratory apron 

3. Safety glasses 

4. One pen or pencil 

5. Notebook or^data sheet (see page 1-23) for recording data 

6. Brush (for^dustlng spectrophotometer) 

7. One Z liter beaker 

8. One 250 ml beaker 

9. One glass stirring rod 

10* One 2 liter glass stoppered bottle . 

11* One visible phototube (Bausgh and Lomb catalog number 33-29-71) 
12* One Infrared phototube (Bausch and Lomb catalog number 33-29-72) 
13* One Infrared filter (Bausch and Lomb catalog number 33-29r18) 
14. Ten soft tissues (for wiping the cells) 
15* One plastic squeeze distilled water bottle 

16. Sink or 1 liter containier for rinsing solutions 

17. One 1 cm cell (to fit the Spectronic 20) 

C. Consumable ^ 

1 . Soap 

2. Sodium dichromate, Na2Cr20^ 

3. Concentrated sulfuric acicl, rioSO^ 

.24 ^ 

Items A4, B7 through BIO, and CI through C3 are for cleaning the 
spectrophotometer eel 1 . 
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EFFLUENT MONITORING PROCEDURE:, Use of a Spectrophotometer 
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tPFtUEHT MONITORING PROCEDURE: Use of a Spectrophotometer' 
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FIGURE 2 
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g| ' EFFLUENT MONITORING PROCEDURE: Use of a Spectrophotometer 



.1^ 



THUMe$CREW 
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OF SPECTRONIC 20 
FIGURE 4 
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EFFLUENT MONITORING PROCEDURE: Use of. a Spectrophotometer 
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BOTTOM OF SPECTRONIC 20 

FIGURE 5 
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EFFLUENT MONITORING PROCEDURE:- Use of .a SpectropHotdnieter 
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EFFLUENT MONITORING PROCEDURF. ; Use of a Spectrophotometer 
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OPERATING PROCEDURES 



A. Equlpnient Preparation 
^1. Cell clc-.«1ng 



2. Spec 20 cleaning 



3, Phototube 



r 



B. Spec 20 



iFRIC 



STEP SEQUENCE 



1 . Clean the Bausch & Lomb 
Spe€tron4^-2 0 S p ectro* 



photometer test tube(^ce11 



1. Clean the Spec 20. 



2. -If the power cord Is 
plugged Into' a WalV 
outlet! remove It* 

1 . Check whether the proper 
photo tub^ Is In place. 



Plug the power co^ci Into a 
wall outlet* 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



la. For the rest of thls^effluent monitoring pro- 
cedur-e^-the-abbrevi atl o n " Spec 2 0^-w44-Ube-used>- 



la. It should be free of dust, dirt, and spilled 
chemicals* 

lb. The Spiec 20 should be stored in an area where 

there is.no danger that chemicals will.be spilled 

on it. ' 
Ic. The plastic cover supplied with the Spec 20 

should be covering the instrument whenever it is 

not in use. 



la. See section C for -instructions on changing ^the 
* phototube and insertinc the filter., * 
lb. On the wavelength scale., note that below about 
625 hm, the numbers are in black, and that above 
625 nm, the numbers are in red.' 
Ic* If. the wavelength to.be used in the particular 
determination is in the black zone, the visible 
phototube (Bausch & |omb Catalog number C33*29*71 
should be used. 
Id. If the wavelength to be, used is in the red zone/, 
-XJ the infwt-red phototube (Bausch & Lomb Citalog * 
C4'^^"^-7uimBer 33-29^^^ and infra-red filter (Bausch * 
ft lomb Catalog number 33-29*18) should be used. 



la. 115 V, A.C., 60 Hz 



''TRAINING 
GUIDE NOTES 



V.A.lvl 
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. EFFLUrNT MONIT ORING PROCEDURE ; Use of a SpectroRhotometi 



OPERATING PROCEDURES 



B. Spec 20 
' - (continued) 



\ 



2. Operation 



. 24 • 



STEP SEQUENCE 



2. Turn the power switch/zero 
control knob (see figure 1} 

' clockwise, until a click 
is heard. 

3. Turn the power swttch/zero 
control knob an 'additional 
one half clockwise turn. 

4. Wait ten minutes. 



1. Assembte the standards and 
samples whose color in- 
tensities are to be 
measured. 

2. Set the wavelength control 
to the desired netting. 



3. If the sample holder cover 
is open^ close it. 

\ 

4. Turn the power switch/zero 
control knob untllthe 
/leedfe reads infinite 
(symbol «) absorbance. 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



2a. 
2b. 

2c. 

3a. 



'4a 
4b 



4c, 



The instrument is now turned on. 

If there is a pilot light on the instrument, it 

will also be cn. 

The sound of the cooling fan may also be fieard; 

This will keep the needle from '^pegging" 'during 
the warm-up period. 

*\ 

This is the warm-up period 
Ten minutes are geherally specified in the manu- 
facturer's manual. However, longer warm-up 
periods- thah those specified generally give 
better instrument stability. . 
If the Spec 20 is old, a longer than 10 minute 
warm-up peripd may be required. Twenty to thirty 
minutes would be a suitable warm-up timg. - 



TRAINING 
GUIDE NOTES 



2a 



^2b, 



3a. 



4a < 



This setting will be specified in the procedure 
you are using to determine the particular 
parameter. ' " 

Always approach- the desired setting by turning 
the knob clockwise. 

It should be closed unless a cell is being 
inserted or removed.^ . • 

Use the absorbance (lowers part of the scale. 
The other (upper) half of the scale is marked 
in transmittance. > - 



V.B.1.2.2b 
(p. 22) 
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fOPERATrING P 




:dures 



B. .S^c :20: ' ^ 

" (continued.) ' e . 
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STEP SEQUENCE 



'1 



5. Fill the csll with the, , 
\blank. , 

■6. Empty the cell .into^tM . 
sink.. ' ■ . 

7; Fill ttje cell with blank. 

8. Empty the cell into. the 
sink. 

9. Fill the cell with blank. 



10. Thoroughly wipe the outside 10a. 
of the cell with a tissue. 

n. Optfn the sample holder 
cover. 

12. Slowly and gently slide the(l2a 



cell down Into the sample 
^ holder es far as it will 

, go. ' 

13.' SloWly rotate the cell un- 
til the white vertical 
)ine on the cell Is In 
line with the ridge on the 
edge of the sample holder 
(see figures 2 & 3). . 



inforhation/operaI'ing goals/specifications 



>4b. 

4h 



The words Sbsprbanc6 and color intensity 
related; i*e., if a solution has a low" color 
intensity, It will also have a low absorbance. 



5a. rilsb scH[n€times called ^le zero^standarxl. 



8a. The cell has now been rinsed twice with solution. 
9a. Three fourths full. Estimate this volume. 



So as to remove finger prints and any spillad 
solution.; ' 



Do riot force the cell down. 
12b. The needle will move away from the infinite 
absorbance setting. 



13a. Be sure to rotate the cell slowly -so that it 
' is not scratched by the cell holder inside of 
. the instrument. 



TRAINING 
GUIDE NOTES 
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EFFLUENT MONITORING PROCEDURE ; Use of a Specfrophotometi 
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OPERATING PROCEDURES 



B. Spec 20 
(continued) 



20 



STEP SEQUENCE 



r47"CTose the sampUr holder — 
cover. 

15. Turn the light control 
knob until the needle 
reads zero absorbance. 

16. Recofd an absorbance of 
zero and a concentration 
of zero for this solution. 

17. Raise the sample holder 
cover. 

18. Slowly Remove the cell. 



19. Close the cover. 



20. Empty the contents of the 
cell Into the sink. 

21. Fill the cell with tap 
water. 

22. Empty It Into the sink. 

23. Fin the cell with tap 
water. 

24. Empty It Into the sink. 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



15a. Use the absorbance scaleVor all of'i:he readings 



16a. An example data sheet Is on page 23. 



18a. 



19a. 



19b. 



-No s^ilutlon should be spilled on the Inside of 
Instrument. 

The needle should return to the Infinite 
absorbance setting. If It does- not, reset It 
with the power switch/zero control knob. 
If It was necessary to re^et the Infinite ' 
absorbance reading, repeat steps ll through 
15. , 



TRAINING 
GUIDE NOTES 
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: :oHMTife PROciDUREs 


f.: • STEP SEQUENCE 


, INFORMATION/OPERATING ^GOALS/SPECIFKATIONS 


TRAINING 
GUIDE NOTES 


BS' Spec; 2Q . 
' . (cohtlnuecl).. 


25V Fill; the cell with dis- / 
tllled-wster. ^/ 




« 




26. Empty it. Into the sink. 

27. Fill, the cell with ais- . 
tijled water. 

28. Empty It Into the sink. 

29. Fill the cell with the .. 
next 'solution whose color 
fnti^nslty (absorbance) Is 
to be measured. ' 

30. Bnpty It fiito the sink. 


29a. It. a set of standards, the absorbance of the 
lowest conceotratlon standard 1s' measured 
second, and so on, to the highest concentration 
' standard. 






31. ' Fill the cell wtth the 

same solution again. 

32. Empty It Into' tfe sink. 


n ■ 

* < 




. \ -) 

\ ' 


33r FIIV the cell thr^e fourths 
full, with the same 
solution. 

34. Thpt^ugt^ly wipe the out^ 
side of the cell with a 
tlsslie* 


w 

34a. So as to remove finger prints and. any spilled 
' solution V ' " ' 






35. Open the sample holder 
cover; , 




/ 


30 

4 i 'J 


36; Slowly and gently slide" 
the cell down Intor the 
sample tolder as far as It 
will gd^; 


36a. Do not force the c«ll down. / 
36b. the needle will move away from the Infinite / 
/absorbance setting » / 

. >, y,- ^. • ^ ' « 
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OPERATING PROCEDURES 



B. Spec 20 
(continued) 



STEP SEQUENCE 



37. Slowly rotate the cfell 
until the white vertical ' 
line on the cell is in 
line with ridge on the 

- edge of the sample holder 
(see figures 2 4 3). 

38. Close the sample holder 
cover. 



39. 



Record the absorbance and 
concentrartion of this 
solution. 



40. Using each of the rest of 
the standards in sequence, 
and /Samples, repeat steps : 
17 through 39. 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



39a. While looking at the absorbance scale, note that 
in some parts of the scale, the third place to the 
right of the decimal will be an estimated number, 
while in other parts, the second place will be an 
estimated number. 
39b. Absorbance values of greater than 0.7 are con- 
sidered to be inaccurate. For this reason, about 
three sample dilutions are usually done so that 
at least one will give an absorbance of less 
than 0.7. If one of the standards happens to 
have an absorbance of greater than 0.7, it 
should not be used. ' 
If a great number of measurements are to be made 
at a particular time (e.g., a great number of 
phosphorus absorbancies are to be measured), 
steps 4 through 15 should be repeated every 
fifth measurement. . 

Recalls that step 4. was done with no -cell in the' 
instrument. 

This is an insurance aganist "drifting" of the 
setting. 



39c 



39d. 
39e. 



TRAINING 
GUIDE NOTES 
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OPERATING PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAINING 
.GUIDE NOTES 



B* Spec 20 
(continued) 



41. Repeat steps 17 "through 
28. 

42. Store the cell until it Is 
again needed. 

43. Tiirn the power switch/zero 
control knob slowly counter 
clockwise until a click Is 
heard. 

44. If a plastic cover was v 
supplied with the Spec 20> 
tt should now be replaced. 



43a. ^f the^ Instrument has a pilot light, it will go 
out. 

43b. The Spec 20 Is turned off. 



C. Phototube Changing 



34 



1. Turn the j)ower swItchA-iero 
control knob slowly 
couater-clockwise until a 
click Is heard. 

2. Remove the power, cord from 
the wall outlet. 

3. Tilt the Spec 20 away from 
you. 



4. Steady the Instrument with 
one\hand. 

5. Loosen the thumbscrew with 
the other hand (see figure 

4)/ ' 



la. The Instrument may already be turned off. 
lb. If the Instrument has a pilot light, It will 
go out. 

Ic. The Spec 20 Is turned off. 

2a. The power cord may already be removed from the 
wall outlet. 

3a. The Spec 20 should be standing on Its back.'' 
3b. The bottom of the Instrument Is facing you. 
3c. This position Is somewhat unsteady. Be careful 
not to. knock the Instrument over. 



I KJC i 
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OPERATING PROCEDURES 


STEP SEQUENCE 


INFORMATION/OPERATrNG GOALS/SPECIFICATIONS 


TRAINING 


C. Ebototube bhanging 
(continued) 


6. Gently pull on the 
thumbscrew. 


6a. So as to open the compartment door. 


GUIDE NOTES 




7. When removing the phototiiw 
to be replaced, grasp it • 
^with the fingec tips (see 
figure )^5). 

8* Pull gently. 

9* Insert the other ohnintuhp 
and, or, 'filter (see figure 
6). 

10. Close the cpmpartment door. 

\ 




\' 

\ 

\ 

\ 






\ 

• ^ \ 

■ - - \ 


eja. A Slight amount of wiggling may be needed. 


\ 

\ 
\ 

i 


t 






■\ 


11. Tighten the \thumbscrew. 








12. Return the Spec 20 to its 
normal position. 




o 


.. , \ 


13. Continue with the EMP, 
Section B. ' 






- ' \- ; 

\ 




\ 

' \ 

o 
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EFFLUENT HONITO^ING PROCEDURE: ' Use pf a Spectrophotometer 

- \ 
TRAINItlc GUIDE 





TOP TP 


T 

1 * 


introauct lun 


TT 

1 1 


tiiucaTtiona 1 Luncepts - natneniatics^ 




tQUCatlOnaJ LOnCeptS ** oCienCc 


IV 


Educational Concepts - Communications. . 


V* 


Field and Laboratory Equipment 


VI 


^ Field Snd Laboratory Reagents 


VII 


Field and Laboratory Analysis 


vin 


Safety . "^^^-.^^ 


2X 


Records and Reports 



♦Tralnlrly guide materials-are presented here under the headings marked 
These standardized headings are used .through, this series of procedures^ 
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K ^EfflUENT-HONITORING PROCEDURE :- -Use- of a Spectrophotometer 



A.1.1 



FIELD AND LABOfeftTORY EQUIPMEffT, 



Section V 



TRAINING GUIDE NOTE 



If the. glassware is especially dirty and cannot be 
cleaned with ordi nary, detergents , chromic acid ' 
.rCleaning may be required. 

1. Pqur 35 ml .of distilled water in 250 ml beaker. 

2. Add bbout 1/8 teaspoon (simply estimate this 
jQuantity) of sadium dichromate, NaoCr„0^, . 

^ the water. ' . 2. 2 7* ■ , 

3. Swirl the beaker until the, sodium dichromate 
has dissolved. - ' '^^ ' 

4. Keep repeating steps 2 and 3 until no more 
^■sodium dichromate will dissolve. 

5. Pour the soluticn-into a "2 liter'teaicerT 

6. ' Slowly pour 1 liter. of concentrated^ sulfuric 

acid, HjSO^, into the 2 liter beaker; 

Caution: Use eyeglasses and 

protective clothing. • ' 

7. Stir the mixture thoroughly. 

a. store it In ^ glass st6|>pered bottle. 

9. Jhe cleaning solution should be at a temperatur^ 
of about 50*C when it is usedt-i..llL_: 

0. . It- may therefore be necessary to wann the 
cleaning solution. 

1. Whe>i 'using the warm cleaning solution, fill the 
apiece of glassware with the solution. 

2. Allow it to soak for 2-3 minutes '^r longer). 

3. Pour the cleaning solution back into the storage 
bottle. , \ 

4. Rinise the piece of glassware ten times with 
tap water. ^ 

5. The cleaning solution may be reused until it 
tujrris green. 

6. Jt should then be discarded. 



REFERENCES/RESOURCES 
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13th Standard* Methods, 
p. 135, section 2.t.2 
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•EFFLUENY MONITORING PROCEDURE; Use of a Spectrophotometer 





. FIELD AND LABORATORY EQUIPMENT 


Section ,V ' 


. 


TRAINING GUIDE NOTE 


REFERENCES/RESOURCES. 


3.1.2.2b. 


There aire two "versions"' of the niodel 95 Spec 20, 
The regulated model has within it, electrical 
components wh'^ch prevent fluctuations in current 
from aftectir r readings, ine non^reguiateo moaei 
does not have feature, o .Either "vfersiori" may, 
or may not, have a pilot light. 
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EFFLUENT MONITORING PROCEDURE: Use of a Spectrophotometer 



, EXAHPLE DATA SHEET 
SPEC 20 



0- - 

0.: 

0. . 

3. _ 

0- - 

^0. 



C (mg/l) 



f.4 




0. 



A of sample "0. 



>dge No. 1-23 
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, A prototype; for development of 

ROUTINE OPERATIONAL PROCEDURES 



for the 



PJIEPARATIQN OF CALIBRATION GRAPHS 



\ 



'^"•Zir -«" 



as applied In 

WASTEWATER TREATMENT FACILITIES 
and , in the 
MONITORING OF EFFLUENT WASTEWATERS 



^^^^ 



Developed by the 

national Training Center 
Municipal Operations and Training Division 
Office of Water Program Operations 
U.Sr Environmental Protection Agency 



ni^IN, eg. EMP.la. 9i^5 
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EFFLUENT MONITORING PROCEDURE: Preparation of Calibration Graphs 



This oi>jerationa1 procedure was developed by: 
NAME Char-les R. Feldmann 

ADDRESS EPA-WPO-National Training Center, Cincinnati, OH 45268 
POSITION Chemist-Instructor 
EDUCATION AND TECHNICAl BACKGROUND, 

B,S, - Chemistry 

M.S, - Chemistry 

1-1/2 years Industrial Chemist ' . " 

4 years additional Graduate School 
4 years college Chemistry Instructor 
1-1/2 years DHEW - Air Pollution Program, Chemist 
" 4-1/2 years DI .- EPA, Chemis^-Instructoj 
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EFFLUENT MONITORING PROCEDURE: Preparation of Calibration Graphs 



1. Analysis Objectives: ^. * ^ 

The learner will prepare a calibration graph and will, use it to determine 
the concentration of a chemical -constituent in a sample of sewage effluent. 

The word concentratijon means how much of the chemical constituent is present 
in a certain amount of sample; 1.0 milligram/liter is an^xarnple value of 
concentration. 

2. Brief Description, of Analysis: 

Jn the field of water pollution analysis, cal-jbratipn graphs are cortinonly 
used in two areas: absorbance and transmittance measurements. In the first 
case,, energy is absorbed by some chemical constituent in a solution. In the 
second case, ener^ is transmitted by some chemfcaT constituent in a , solution. 
The amount of energy absorbed ^dr transmitted ca^^ be related to tbi quantity of 
cKemical constituent in a water ssTmple by means of a ca_l^^^ 
Examples of absorbance measurements ire colorimetric determinations, such as 
nitrate or phosphate using a spectrophotometer, and the determination of^ 
mercury or iron using atomic absorption. Examples of transmittance 
measurements are the^ determinations of sodium or potassium using, flame 
photometry. 

Two things must be done in order to prepare a calibration graph* A series of 
standards must be prepared. A standard is a solution which contains a known 
amount of the same chemical constituent which is .being determined in the 
sample. Secondly, the absdrbance or transmittance of these standards must^ 
be measured. , * . ^ 

In order to actually determine how much of the chemical constituent is in the 
sample, the absorbance or transmittance of the ^^ample must first be determined. 
The amount of chenical constituent is then read from the calibration graph. 

For the sake of simplifying the instructions, absorbance values only will be 
- used in the following procedure. 
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EFFLUENT ffONITORING PROCEDURE: Preparation of Calibration Graphs ' 



General Description of Equipment Used in the Process ^ ^ 

A. Capital 
None 

B. Reusable 

1. Oqe ruler, 12 inches long 

2. Pencil 

3. Eraser 

C. Consumable .... 

1. Graph paper (one piece for each calibration graph). There are many kinds 
of graph paper. In ordinary water pollution analyses, a simple type of 
graph paper is used. Figure 1 is an example of the type of simple 
graph paper. The main feature of simple graph paper is that it is 
divided into a certain number of large squares of equal sizel (For example 
one inch might be the length, of one side of the large squares). These 
large squares are subdivided into a certain number of smaller squares of 
equal size. (For example, a one inch square might be subdivided into one 
hundred small squares). 
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EFFIUEN- M0NITQRIN6 PROCEDURF : Preparation of Calibration" Graphs 
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•OPERATING PROCEDURES 


STEP. SEQUENCE 


INFORMATIONVoPERATINd GOALS/SPECIFICATIONS 


TRAINING 
GUIDE NOTES ' 


A* Graph Paper 




2a. For the remainder 6f this procedure, you will 
actually use figure 1 and some example absorbance 
and concentration values to prepare a calibration 
graph. Additional figures- are -also included to * 
demonstrate the instructions. ' 




* L' General comments 


1. Remove the page containing 
figure 1. ^ 

2. Lay it on a desk or any. 
other place where it will 
be convenient for you to 
write on it. 


• 

> 


2c Labeling the 
graph paper 


1. Draw two lines on figure 1 
so that it looks like 
,^ figure 2. 


2b. You will have to furnish your own piece of graph 
paper when y9u want to prepare other calibration 
graphs. 

la. Use a pencil, since you m.^y have to do some 

erasing durinq the Dreoaration nf f-ho rai-ihr'af in« 
. graph. 


( 




2. Label figure 1 so that it 
looks like figure 3. * 


.Va. mg/1 stands for ^milligrams per liter. It is 
\ an expression of concentration. If the amount of 
\sChemical constituent present in the sample is 
^ftctremely small, the label yg/1 (micrograms per 
^ liter) might be used. A' stands for absorbance. 


\ 

/ 


e 




2b. The mg/1 line is a horizontal line. It is called 
the X^axis, or abscissa. The A line is called the 
Y axis, or ordinate. 
♦ 
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EFFLUENT MONITORING PROCEDURR : Preparation of Calibration Graphs 
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"15P1MTING PROCEDURES 



A Graph Paper - 
(continued) 



STEP SEQUENCE 



Examine the example absorb- 
ance and concentration 
val' ■ in the column at 
the r, .it. - 



4. Note that the lowest mg/l 
value is 0.0 and the high- 
est is 50.0. 

5. Mark the mg/"i axis on 
figure 1 so that It looks 
'like figure 4. 



INFORMATION/OPERATING GOALS/SP ^''^IC/VTIONS 



3a. 



mil 

0.0 
5,0 
10.0 
'20.0 
30.0 
40.0 
50.1) 



0.000 

0.060 

0.120 

0.250 

0.3^0- 

n.|»70 

0.590 



A of sample = 0.180 

3b. It is data for a' series of standards. 

3c. Each pair of values (e.g. 5.0 and 0.060) 
re^iresents a point on the graph. 

r.. Later, you will complete the calibration graph by 
drawing a straight line through the seven points. 



5a. Note that the entire lancth of the mg/1 axis was 
used. Always use as muc' T this line as is 
convenient. Do not, for example, use only one- 
half of the mg/1 axis to mark off the values. 

5b. Also note that each of the large squares is marked 
as a whole number of mg/1. 

5c. Two of the smaller squares equal* 1 mg/1. 



TRAINING 
GUIDE NOTES 
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CFFLUENT MONITORING PROCEDURF : Preparation of Calibration Graphs 



OPERATING^^CED URES 



A. Graph Paper 
(continued) 



3. Drawing che 

calibration graph 



6ii 



STEP SEQUENCE 



6. Note that the lowest A 
value is 0.000 and the 
highest is 0.590. 

7. Mark the A axis on figure 
' so thatNt looks like 
figure 5. ^ 



1. On figure 1 draw a vertical 
line from the 50.0 mg/1 
point of the mg/1 axis to 
the top of the graph. 

2. On ^igure 1 drah* a horizon- 
tal line from the 0.590 
point of the A axis to the 
right side of the graph. 



INFORMATION/OPERATING GOALS/SPECIFJCATIONS 



6a. It is generally not considered good practice to 
have A values greater than 0.6 or 0.7. 



7a. Note that the entire length of the A axis was used 
Always use as much of this line as convenient. 
Do not, for example, use only one-half of the A 
axis to mark off the values. 

7b\ Also note that each bf the large squares is marked 
. as a whole number of A units. 

7c. One of the smaller squares equals 0.01 A units. 

7d. If transmi ttance measurements were being made,^ 
the Y axis or ordinate, would be marked T. T axes 
are always marked from 0 (bottom of axis) to 
100 (top of axis). 

la. Figure 1 should now look like figure 6. 



2a. Figure 1 should now look like figure 7. 

2b. The intersection of these two lines is the point 
represented by a concentration of 50.0 mg/1 
and an absorbance of 0.590. 



TRAINING 
GUIDE NOTES 
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EFFLUENT MONITORING PROCEDURE: p,eparation of Calibration Graphs 
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OPERATING, PROCEDURES 


STEP SEQUENCE 


INFORMATION/OPERATING GOALS/SPECIFICATIONS 


TRAINING 
GUIDE NOTES 


A, Graph Paper 
* (continued) 


3. Using the same technique as 
in 1 and 2 above, locate 
the next five points on 
figure 1. 

4, Lay your ruler on figure i. 

5, Look along the edge of 
the ruler, 

6. Draw a' line between the 
0,0 - 0.000 and the 50,0 - 

' 0,590 points. 


3a. The point located at 0.0 and 0.000 is at tU 

intersection of the mg/1 and A axes. 
3b. Your graph should now look like figure 8. Some 

analyses may require more than five points. 

4a. So one end of it lies at the 0.0 - 0.000 po^nt, 
and at the 50.0 - 0.590 point. 

5a. The other five points (represented by the inter- 
sections of the horizontal and vertical lines do 
not all lie alono the edae of the rulpr 

6a. Note that some of the points lie slightly above 
the line, fome lie slightly below the line, and 
some lie on the line. If one DOint is consider- 
ably off the line, some error in preparing the 
particular standard was probably made. 

6b. Thi? is the line of best fit for the seven points. 
Always draw the line of best fit whfen preparing 
calibration graphs. 








6c. The calibration graph is now complete. 
6d. Figure 1 should now look like figure 9. 








6e. After you have prepared a few calibration graphs, 
you will find that you won't have to draw the 
horizontal and vertical lines t locate the points. 
You'll be able to move your pencil along the graph 
paper and put dots at the appropriate points. 
You Ml then draw the line of best fit through them 
to the 0.0 - 0.000 noint. 
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EFFLUENT MONITORING PRQCEDURR: 



r Preparation of Calibration 'Graphs 



OPERATING PROCEDURES 



B. Determining the 
Concentration of the 
Chemical Constituent 
in the Sanple. 



C. Sample Dilution 



ERLC 



STEP SEQUENCE 



1. Locate' 0.180 on the A axis. 

2. Draw a horizontal line to 
the right side of the paper 

3. Locate the intersection of 
this horizontal line and 
the sloping calibration 
graph. 

4. From this intersection, 
drav/ a vertical line down 
to the bottom of the paper 

5. Note that the vertical line 
crosses the mg/1 axis at 
15,3. 



If it was necessary to 
dilute the sample, the 
value read from the mg/1 
axis must be multiplied by 
a dilution factor. 



INFORMATION/OPcRATING GOALS/SPECIFICATIONS 



la. This was the absorbance of the sample. 
2a. It should now look like figure 10. 



4a. It should now look like figure 11 



5a. Recall that on the mg/1 axis, 2 of the small 
squares equal 1 mn'l. 

5b 15,3 mg/1 is therefore the concentration of the 
chemical constituent being measured in the sample 

la. The dilution may have been necessary so that the 
A value for the sample would not be greater than 
the A value obtained for the highest concentration 
standard; O.SSjO in this set of example data. 

lb. The dilution factor is the ml of sample taken 
for dilution, divided into the ml to which it was 
diluted; e.g., if 10.0 ml of the original sample 
were diluted to 1000 ml (as in a volumetric flask) 
the dilution factor would be 1000/10, or 100 



Ic 



In some determinations, you may prepa^ more than 
one dilution of the sample. Look at the mp/l 
axis of figure 1 and assume that three dilutions 
of the sample gave yalues of 2.2, 24.0, and 48.0 
mg/1 , before correcting for the dilution factor. 
It is common practice to use the 24.0 value, 
since it lies nearest the middle of the calibra- 
tion graph. 



TRAINING 
GUIDE NOTES 
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A PROTOTYPE FOR DEVELOPMENT OF 
ROUTINE OPERATIONAL PROCEDURES 

for the 

DETERMINATION OF TOTAL PHOSPHORUS (as P) 
OR OF ORTHOPHOSPHATE (as P), SINGLE REAGENT METHOD 



as applied in 

WASTEWATER TREATMENT FACILITIES 

and In the 
MONITORING OF EFFLUENT WASTEWATERS 



r 



I. 



Natldnat-Trainlng Center 
Municipal Operations and Training Division 
Office of Water Program Operations 
U,S, Environmental Protection Agency 
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EFFLUENT MONITORING PROCEDURE: Determination of Total Phosphorus (as P) or of 

Orthophosphate (as P), Single Reagent Method 



This Operational Procedure was developed by: 
NAME Timothy R. Counts 

ADDRESS Water and Wastewater Technical School, Box 370, 
Neosho, Missouri 64850 

POSITION vriemist-Instnictor 

EDUCATION AND TECHNICAL BACKGROUND 

B.S. Chemistry, Missouri Southern State College 
Missouri SecorJary Level Teacher's Certificate, Chemistry 
2 years Industrial Laboratory Technician 
1 year Water and Wastewater Technical School, 
Wastewater Laboratory Analyst 
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EFFLUENT HONITORING PROCEDURE: Determination of Total Phosphorus (as P) or of 

Orthophosphate''(as P), Single Reagent Method 



1. Objective: 

To determine orthophosphate, mg P/liter or total phosphorus, mg P/liter. 

2. Description of Analysis; 

Orthophosphate* in dilute solution will react with ammonium molybdate and 
antimony potassium tartrate to form a heteropoly acid. This acid is re- 
duced to an intensely blue-colored complex, molybdenum blue, by ascorbic 
acid with the amount of blue produced being proportional to the amount 
of orthophosphate present. 

In the procedure this is accomplished by the addition of a combined reagent 
to a 50 ml sample and a set of orthophosphate st?.ndard$j followed by a wait 
for color development. A photometer or spectrophotometer is used to measure 
the absorbance of the samples and standards. The orthophosphate concentra- 
tions of samples are read directly from^ graph prepared by plotting the 
^.absorbance values of the standards against their concentration. 

This analytical procedure utilizes reactions that are specific for the 
orthophosphate ion. In order to obtain the total phosphorus concentrations 
- of^ samples^, all non-orthophosphate phosphorus forms must be converted to 
the orthophosphate ion* In' the procedure this is accomplished by digesting 
samples with ammonium persulfate and sulfuric acid. This step does not 
(fttfect the original orthophosphate content of the sample, but ensures con- 
--^ersion of all other forms of phosphorus to orthophosphate. Direct 
^orthophosphate colorimetry may then be performed on the sample as described 
/"in the preceding paragraph, and the results obtained reported as total 
phosphorus, mg P/liter. 

*The orthophosphate ion, (PO^)- ion, is the smallest and simplest of the 

phosphorus-oxygen radicals. It consists of four oxygen atoms tetrahedrally 
arranged around and bonded to a central phosphorus atom. The more complex 
and commercially Important phosphates, the poly or multiphosphates 

(P2°7» ^3^]o* etc.), are typically formed by Unking orthophosphate units. 

•The term "phosphate" is a general one and may apply to any one of hundreds 
of compounds. The (PO^)^ ion is distinguished by the prefix "ortho" and 

is correctly called the orthophosphate ion. 

3. Applicability of this Procedure: 
•a. Range of Concentration: 

0.01 to 1.00 mg P/liter 

(The range may be extended for samples by dilution.) 
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EFFLUENT MONITORING PROCEDURE: Determination of Total Phosphorus (as P) or of 

Orthophosphate s(as P), Single Reagent Method 



b. Pretreatment of Samples: 

This procedure includes the persulfate digestion for the total Phosphorus 
determination as specified in the Federal Register Guidelines, These 
Guidelines do not specify any pretreatment for the orthophosphate 
determination. - - ^ 

c. Treatment of Interferences in Samples: 

This procedure includes directions for removal of turbidity or suspended 
solids from samples for the orthophosphate determination. It also includes 
the modification to prevent adsorption of phosphorus on metal precipitates 
in samples for the total phosphorus determination as publicized in the 
"Changes and Errata. . for the Source of Procedure*, For either de- 
termination it includes the treatment for samples which have been .preserved 
with mercury chloride. Arsenate is the one additional interference listed 
in the Source of Procedure*. No remedy for its presence is currently 
available, but one should be aware that arsenate also responds to this 
analysis and can contribute to erroneously high phosphorus values. 



*Source of -^Procedure: Methods for Chemical Analysis of Water and Wastes, 
1974, Environmental Protection Agency, Methods Development and Quality 
Assurance Research Laboratory, Cincinnati, Ohio, page 249, 
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EFFLUENT MONITORING PROCEDURE: Determination of Total Phosphorus (as P) ov* of 

Orthophosphate (as P), Single Reagent Method 



r 



FLOW SHEET OF OPERATING PFfbCEDURES 



Sairole 



Total Sample (No F.iltration) 



Direct 
Colorimetry 



Orthophosphate 



1 



Persulfate 

Digestion 

Colorimetry 



Total 

Phosphorus 



Filter {through a OAS micron filter) 



r 



Residue 



Direct 
Colorimetry 



Dissolved 
Orthophosphafte 



Persulfate 
digestion & 
Colorimetry 



Dissolved Total 
Pf][i6sphorus 



H2SO4 

hydrolysis & 
Colorimetry 



Hydrolyzable & 
Orthophosphate 



I 



Filtrate 



H2SO4 

Hydrolysis 
& Colorimetry 



•Dissolved Hydrolyzable 
& Orthophosphate 



This EMP includes only the material within the dotted line area. 
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EFFLUENT MONITORING PROCED'"RE: determination of Total Phosphorus (as P) or of 

Orthophosphate (as P), Single Reagent Method 



quipment and Supply Requirements 

A. Capital Equipment: 

1, Balance, triple-beam, capable of 0,1 gram sensitivity 

2, Balance, analytical, capable of weighing to 0.1 mg under a 200 q load 

3, Desiccator 

4, Hot plate or plates, cap?hle of holding a minimum of ten 125 ml 
Erlenmeyer flasks or an 

. autoclave, capable of 12rc (15-20 psi), with capacity for a minimum of 
ten 125 ml Kclenmeyer flasks 

5, Oven, drying, for use at 105*^0 

6, pH meter, electric, equipped with single combination electrode, capable 
of + 0.1 pH unit sensitivity 

7, Refrigerator, capable of maintaining a 4'*C- temperature / 

8, B and L Spectronic 20 (or equivalent) spectrophotometer equipped with 
accessory Infrared phototube anu ^llter capablfe of operation at 650 
or 880 nm 0£ a „ 

filter photometer, -quipped with red filter or a * ' 

spectrophotometer, ^/-visible, l:apable .of operation at 650 nm or 880 nm ^ 

9, Vacuum source or pump drawing 15 Inched* mercury 

B. Reusable Supplies: 

1, One apron, laboratory 

2- One pound glass beads, 5. mm. diameter, for smoothing boiling action 

3, One beaker, 250 ml 

4, One beaker, 1000 ml 

5, One beaker, 1500 ml 

6, Two 100 ml bottles, glass or plastic with raps 

7, One shallow, open mouthed bottle 
Three 500 ml bottles, plastic with c^ps 

9, One 500 ml bottle, dark glass with stopper 
10, Two 1000 ml bottles, glass with stoppers or caps 
n. Two 1000 ml bottles, plastic with caps 
12- One 2000 ml bottle, glass with cap 

13, One bulb, rubBer for pipetting 

14, One 25 ml cylinder, graduated 

15, One 100 ml cylinder, graduated 

16, One 500 ml cylinder, graduated 

17, One 1000 ml cylinder, graduated 

18, One evaporating dish, porcelain, 100 ml, to contain ammonium persulfate 

I^ evaporating dish, porcelain, 35 ml to dry potassium dihydrogen phosphate 

20, XXX manbrane filter assembly with funnel in a #7 stopper to fit the mouth 
of a 500 ml suction flask. One as minimam, faster with nine plus one^ 
for each sample. 

21, XXX 500 ml suction flask with side arm-one for each filter assembly 

22, XXX 50 ml flasks, volumetric with stoppers, nine + one for each sample 

23, One 500 ml flask, vokimetric with stopper , 



^ Page No. 3-7 

.0 ,. 80 . •■■ 



ERIC 



EFFLUENT MONITORING PROCEDURE: Determination of Total Phosphorus (as P) or of 

Orthophosphate (as P), Single Reagent Method 



B. Reusable Supf)lies (Cont'd.): 

' • V 

24, One 1000 ml flask, volumetric with stopper 

25, XXX 125 ml flas-.s, Erlenmayer, graduated, nine plus one for each sample 

26, Two funnels: ::1 glass- powder and 1 to fit 50 ml volumetric flask 

27, One pair rubBer glov.es.for washing glassware with acid solution 

28, One pair goggles or safety ^glasses - 

29, XXX hose' lengths for connecting suction flasks to vacuum sources - 

30, 'One 1 ml pipet-> graduated in 0,1 ml 
31 • One 1 ml pipet, volumetric 

32. One 3 ml pipet, volumetric 

33, One 5 ml pipet, volumetric ♦ 
- 34, One .0 ml pipet, volumetric 

35. Onfi 20 ml pipet, volumetric 

36. One 30 ml pi£pt ^ volumetric . 

37. One 50 ml Ripet^ volumetric 

38. ' Two lOml/pipets, graduated (Mohr) 

39. One pneumfttic trough or small pan for cold-water bath 

40. One respirator if a hood is not available 

41. One spaJfula 

42. One 0.4 g measuring spoon, Hach or equivalent (optional )- 

43. One 8 inch stirring rod, glass j. 

44. One pair tongs 

45. One wash bottle, squeeze type 



C. Consumable Supplies: 

NOTE: All reagents must be of high purity, such as "A.C.S.," "reagent grade," 
"analyzed" • ,^ 

1. Water, distilled (as needed) 

2. Hydrochloric acid (HCl)^ concentrated, 1 pint minimum . 

3. Sulfuric acid (H2S0^), concentrated, 1 pint minimum 

' 4. Antimony potassium tartrate CK(Sb0)C^H^0g-l/2 HgO] (recommend purchase 

of 1 lb. units) ' ' 

5. Anmoniu' Tiolybdate [k^^W/^)^ Mo70^4-4H20] (recommend purchase of 1 lb, units) 

6. Ascorbic acid (recoiranend purchase of 5-ounce units) ^ ' 
7,.Ammoniuni persulfate [(NH^jgS^Og] (recommend purchase of 1 lb. units) 

8* Potass iu.fl dihydrogen phosptete (KH2P,0^) (recommend purchase of 1 lb, units) 

9. Sodium hydroxide (NaOH) (r^ommend purchase of 1 lb. units) 
lOc^Mercuric chloride (HgCU) 
n.*Sodium chloride (NaCl) 
12. Boats, weighing, plastic disposable 

*OnTy needed if samples must be preserved (i.e. if analysis cannot be performed 
onthe same day that the sample wac, collected). 

* ^ • 
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EFFLUENT 'MONITORING PROCEDUREr Determination of Total Phosphorus (as P) or of 

Orthophosphate (as P), Single Reagent Mechod 

13. Filters, 0,45 micron pore size membrane, phosphorus-free, Gelman GA 6 
or equivalent 

14. Notebook, bound laboratory, for permanently recording data 

15. Paper, graph: 8 1/2 inch by 11 inch dimestore school supply 

. is suitable. Recommend graph paper have seven major divisions 
along 8 1/2 inch side and 10 major divisions along Tl inch side. 

16. Tape, labeling, one roll (masking tape is suitable) 

17. Tissue, lint-free, for wiping colorimeter tubes or cuvettes 
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EFFLUENT MONITORING PROCEDURH : Determination of Total PHosphorus (as P) or of Orthophosphate (as P), 

Single Reagent Method 
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OPERATING PRCCEDUPES 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIf ICATIONS 



TRAINING 
GUIDE NOTES 



TOTAL PHOSPHORUS .(as P) OR OF ORTHOPHOSPHATE (as P), SINGLE REAGENT METHOD 



A. Glassware 
Preparation 



A,v 83 



er|c 



K Assemble all necessary 
equipment. 

2. Heat 500 ml 1:1 HCl . 



3. Rinse all glassware to be 
used in procedure. 

4. " Discard all 1:1 HCl used 

in rinsing glassware. 

5. Flush away discarded 
1:1 HCl.. ' 

6. Rinse the glassware with 
tap water. 

7. Rinse the glassware with 
distilled water. 

8. Rinse the glassware with 
combined reav^ent. 



la. See pages 7-9 for list of necessary equipment. 



2a. In a 1000 ml beaker, 

2b. Use a hot plate or bunsen burner. 

2c. For directions on making 1:1 HCl,, See B, "Reagent 
Preparation." 

2d. CAUTION: Use extreme precautions with hot 1:1. 
HCl acid. This solution will cause severe burns. 
Wear gloves, apron, goggles, etc., while handling, 
Vapor from hot acid is extremely irritating to 
eyes and throat. Use a hood or wear a respirator 
while using. 



3a. Use hot 1:1 HCl. 



down drai 



4a. CAUTION: 1:1 HCl ca elessly poured down drains 
. will quickly eat out traps. 

5a. Use plenty of tap water. 



6a. Fill and empty two times. 



7a. Use several portions of distilled water. 



8a. One time, 

8b. For directions on making combined reagent, see B, 
Reagent Preparation. 

(continued) 



I 

(p. 39) 
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EFFLUENT MOHITORINS PROCEDURE: 



Determination of Total Phosphorus (as P) or of Orthophosphate (as P). 
Single Reagent Method ^ ' 



OPERATING PRCCEBJRES 



A. Glassware 
Preparation 
(continued) 



B. Reagent Preparation 

1. 1:1 hydrochloric 
acid 



SltP SEQUENCE 



. 9. Check all combined reagent 
, rinseJ glassware. 



10. Rinse the ylassware with 
distilled water. 



8j 



1. Measure out 1000 ml dis- 
tilled water. 

2. Pour the water int' 
clean glass bottV 

3. Measure out 1000 ml con- 
centrated hydrochloric 
acid (HCl). 



INF0K.MA1 ION/OPERATING GOALS/SPECIFICATIONS 



8c, The combined reagent will ^n blue on contact 
with orthophosphates. 

8d. The purpose of this cleaning procedure is to 
remove all phosphates. Appearance of blue color 
on combined reagent-rinsed glassware is indicative 
of failure of first cleaning or else phosphate 
contamination in the distilled water. 

9a. After 10 minutes contact with the combined 
reagent. 

Look for blue color. 

For any glassware showing blue color, repeat 
steps 3 through 9 of this Operating Procedure. 
9d.,For any glassware not responding with blue color 
in tl combined reagent, proceed ^to step 10. 
If any glassware shows blue color after second 
cleaning, have^distilled water checked for 
phosphates. ' 



9b. 

9c. 



9e 



lOa. Use generous amounts, 



la. Use a 1000 ml (1 liter) graduated cylinder. 

2a. Bottle must have a capacity greater than 2 liters. 



3a. Use a 1000 ml graduated cylinder. 

3b. CAUTION: Hydrochloric acid causes severe burns. 

Vapor is. extremely irritating. Use care when 

handling. 



TRAINING 
GUIDE NOTES 



Sb 



Paye No. 3-11 



EFFLUENT MONITORING PROCEDURF : Determination of Total PHosphorus (as P) or of Orthophosphate (as P), ^^^^ 3-12 

Single Reagent Method 



OPERATING PROCEDURES 




STEP SEQUENCE 


INFORMATIOfVOPERATING GOALS/SPECIFICAl IONS 


TRAINING 
GUIDE NOTES 


B. Reagent Preparation 
(continued) 


4. 
5. 


Slowly, pour the lOCO nril 
of concentrated HCl ^nto 
the bottle. V 

Gently swirl the bottle \to 
mix the contents. 


Ha . 


Mvoia spattering tne acid oy noiaing the bottle 
at an angle so that the acid runs down the side. 






6. 


Label the bottle "1;1 
Hydrochloric Acid." 


6a. 


The date and initials of preparer should always 
be included on the label of any reagent container. 




2. 10 N sodium 
hydroxide 


1. 


Prepare a shallow cot^ 
water bath. 


la. 


In a small pan or pneumatic trough. 






2. 


Weigh out about 40 grams 
sodium hydroxide*(NaOH) 
pellets as rapidly as 
possible. 


2a. In a tared weighing boat on a triple beam balance. 
2b. Sodium hydroxide rapidly picks up moisture. 


- 




3. 


Transfer the pellets to a 
250 ml beaker. 










4. 


.Measure out 100 ml of 
distilled water. 


Ua. 


Use a 100 ml graduated cylinder. 






5. 


Place the 250 ml beaker 
in the prepared cold-water 
bath. 










0. 


Slowly pout the 100 ml 
of distilled water into 
the reagent container. 








87 

i 


7. 

1 


Gently stir the beaker's 
contents in the cold-water 
bath. 


7a. 
7b. 


Use a glass stirring rod. 

To mix the contents and cool the solution to 

room temperature. 


88 
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EFFLUENT MONITORING PROCEDURF: 



OPERATING PROCEDURES 



B, Reagent Preparation 
* (continued) 



3. 0.1 N sodium 
hydroxide 



STEP SEQUENCE 



8. When solution is cool, 
remove the beaker from the 
water bath and pour the 
solution into a reagent 
container. 



9. Label the reagent bottle 
"10 N Sodium Hydroxide." 



1 . Measure out 10 ml of the 
10 N sodium hydroxide, 

2. Pour the 10 ml of 10 N 
sodium hydroxide into a 
reagent container. 



3. Measure out 900 ml of 
distilled water. 

4. Slowly ^our the distilled 
water into the reagent 
container with the 10 ml 
10 N sodium' hydroxide. 

5. Swirl the container. 

6. Label this reagent con- 
tainer "0.1 N Sodium 
Hydroxide." 



INFORMATION/OPERATING GOALS/SPEcIfICATIONS 



8a, 
8b. 

9a. 



la, 
lb, 

2a. 

2b. 



Reagent container must be 100 ml capacity or 
greater, 

NOTE: Plastic storage containers are preferable 
for sodium hydroxide (NaOH) solutions as they will 
etch glass over a period of time, resulting in a 
loss of strength of the solution. 

Solution is Indefinitely stable if container is 
Kept tightly capped when not in use to prevent 
admittance to atmospheric carbon dioxide (CO^) 
gas. 

Use a 25 ml graduated cylinder. 
This is reagent #2, above. 

The reagent container should be 1 liter capacity 
or greater. 

A plastic reagent container is preferred, as 
sodium hydroxide etches glass. 



3a, Use a 1000 ml graduated cylinder. 



TRAINING 
GUIDE NOTES 



5a, 
6a. 



To thoroughly mix the contertts. 

This reagent will be used solely for adjusting 
the pH of samples and standards. 



so 
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EFFLUENT MONITORING PROCEDURF : Determination of Total Phosphorus (as P) or of Orthophosphate (as P), Page No. 3-14 

Single Reagent Method" i 



OPERATING PROCEDURES 


STEP SEQUENCE 


informAtion^operating goals/spe1:ifications 


TRAINING 
GUIDE NOTES 


B. Reagent Preparation 
(continued) 




; 


1 ■ . 




4. Strong acid 
solution, 11 N ^ 
sulfuric acid 

«* 


1 . 

- 2. 


Measure out 600 ml dis- 
tilled water. 

Pour the distilled water 
into a 1500 ml beaker. 


la. Use a 1000 ml graduated cylinder 


-> 


- 


3. 


Measure out 310 ml con- 
centrated sulfuric acid 
(HgSO^). 


3a. Use a 500 ml graduated cylinder. 
3b. CAUTION: Contact with concentrated sulfuri.c acid 
causes severe burns. 






4. 


Place the 1500 ml beaker ' 
in a cold-water bath. 


4a. In a small pan or pneumatic trough. 






5. 


Very slowly pour the 310 ml 
concentrated sulfuric acid 
into the 1500 ml beaker/ 


5a. Hold the beaker at an angle, so the acid runs 

down the side o^ the container. 
5b. CAUTION: Mf the acid is added too ^uickly, the 

water will boil and snatter the sulfuric acjd. 






6. 


Gently stir the contents 
of the beaker in the cold- 
water bath. 


6a. Use a glass stirring rod. 
6b. To mix the contents. ' * 
6c. Let the reagent container stand in the cold-water 
bath while the solution. cools to room temperature. 


- 




7: 


r 

Measure out 9011f? of 
distilled water. 


7a. Use a 100 ml graduated cylinder. 




t 

Q ; * 


8. Slowly pour the 90 fl of 
, distilled water into the 
1500 ml beaker. 


m * 






9. 


Gently stir the contertts 
of the T500 ml beaker . 


9a. Use a glass stirring rod. 

9b. To thoroughly mix the content^ 

> 






-FtUENT MONITORING- PROCEDURR : .Determination of Total Phosphorus (as P) or of Orthophosphate (as P). 



Single Reagent Method 




5. 1.1 N Sulfuric 
acid 




6. 5 N sulfuric acid. 



10. When^solution is cool, 
remove the beaker from the 
water bpth and pour the 
solution into a reagent 
container. 

11. Label the reagent contain- 
er "Strong Acid Solution." 

1. Measure out 900 ml of 
distilled water. 

2. Pour the distilled water 
into a reagent container. 

3. Measure out 100 ml of 11 N 
sulfuric^c,id. 

4. Slowly, pour the jlOO ml of 
11 'N- sulfuric acWinto 
the\reagent container with 
the distilled water. 

5". Swirntho reagent * v 
containop.* 

6. Label this reagent con- 
tainer "1.1 M Sulfuric 
Acid." 

■ 

1. Measure about 400 ml ufs- 
' tilled water. 

2! Pour the *dist. lied water 
into a 500 ml volumetric 
• flask. 



10a 
10b 



Reagent container may be either glass or plastic. 
It must be 1 liter capacity or greater 



lla. Solution is indefinitely stable. 



la, 
2a. 



3a. 
3b. 



Use a 1000 ml graduated cyl'ind^r. 



The reagent container should be glass/l liter 
capacity or greater. 

Use a 100 ml graduated cylinder. 
This is reagent #4, above. 



5a. 
6a. 



To thoroughly mix the contents. 



This reagent will be used solely for adjusting the 
.pH of samples and standards. 



la. Use a 500 ml graduated cylinder. 



ERIC 
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EFFLUENT MONITORING PROCEDURE: Determination of total Phosohorus fas P) or of Orthnnhrtcnhato ^ae Paoe No. 3-lfi 
f . . , Single Reagent Method 






OPERATING PROCEDURES 


STEP SEQUENCE 


INFORMATION/OPERATING GOALS/SPECIFICATIONS 


TRAINING 
GUIDE NOTES 


* - 

w - 


B. Reagent Preparation 
(continued) 


3. Measure out 70 ml concen- 
trated sulfuric acid 
(H2SO4). 


3a. Use a 100 ml graduated cylinder. 
3b. CAUTION: Contact with sulfuric acid causes 
severe burns. 








1 


e 


4. Place the volumetric flask 
In the cold-water bath. 


4a. In a small pan or pneumatic trough. 










V 

/ 


5. Slowly pour the" 70 ml con- 
centrated sulfuric acid 
Into the flask. 


5a. Hold the flask at an angle, so the acid runs down 

the' side of the flask." 
5b. CAUTION: If the acid Is added too quickly, the 

water will boll and spatter the sulfuric acid.- 








r ' ^ • 

? 


N * 

7. Antimony potassium 
tartrate solution 


6. Gently swirl the flask In 
the cold-water bath. 

7. When solution Is cooled to 
room temperature, add dlSo- 
tllled water to bring 
solution to 500 ml volume. 

8. Transfer the solution to a 
500 ml plastic storage 
container. 

1. Weigh out exactly 1.3715 
grams of antimony potassium 
tartrate 

[K(SbO)C^H-0--l/2 H.03. 


6a. To mix the contents and cool the solution to room 
temperature. 

* • 

8a. Container should be labeled "5 N Sulfuric Acid." 
8b. Prepare this solution weekly. 

la. In a weighing boat, 
lb. Use an analytical balance. 
Ic. Observe^ all handling precautions given oa the 
reagent bottle label. 






• 

• 


^- . 
f- 

K'- 
t 

it' 

r-- o 
j-ERlC 


95 


2. Quantitatively (that Is* 
completely) transfer the 
1.3715 grams of antimony 
potassium tartrate- to a 
500 nil volujietric flask. 


cam ruririei Lne cnemiCal inuO ine TiasK, usiny a 
' distilled water squirt bottle to wash all traces 

of the chemical ^from the weighing boat and powder 

funnel into the flask. 
2b. CAUTION: Use minimum amount of distilled water 

necessary. 








n \ 











1 




-B, Reagent Preparation 
<:(continued) 



8, Ammonium molyb- 
date solution 



9 



3^: Measure out 400 ml of 
distilled water, 

4, Pour the 400 ml of dis- 
tilled water into the 

* flask. 

5, 'Swirl the flask gantly, 

6, Dilute the contents of the 
flask to 500 mK 



7, Transfer the solution to a 
cleart storage bottle, 

8, Label the storage bottle 
"Antimony Potassium 
Tartrate Solution," 



1, Weigh out 20 grams 
amnonium molybdate 
C(NH4)gMo7024-4H20],,^ 

2, Measure out 500 ml of 
distilled water. 



3, Transfer the 20 grams of 
ammonium molybdate to a 
plastic storage bottle. 



4, Rinse any remaining chemi- 
cal from the weighing boat 
into the plestic storage 
bottle. 



5a, Until the chemical has dissolved. 



7a, Bottle must be 500 ml capacity or greater, 
7b, Bottle mus.t^be dark and glass-stoppered, 

8a, Store this solution in the dark at ^X. 



la. In a weighing boat, 

lb. Use a triple-beam (0,1 g sensitivity) balance, 
2a, Use a 500 ml graduated cylinder. 



3a, Use a powder funnel and distilled water squirt 
bottle to wash all traces of the chemical from the 
weighing boat and powder funnel into the storage 
bottle, ^ 

3b, bottle must be 500 ml capacity or greater, 

3c, v^e a minimum of distilled water, 

4a, Use part of the 500 ml distilled water measured 
out in step 2, 



^ 98 : 
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EFFLUENT MONITORING PROCEDURE; Determination of Total Phosphorus (as P) or of Orthophosphate (as P), 



Single Reagent Method 



Page No. 3-18 



'A 



OPERATING PROCEDURE^ 



B* Reagent Preparation 
, (continued) 



-9. Q. VM ascorbic 
acid ' 



99 



STEP SEQUENCE 



.5. Pour the remaining dis- 
tilled water'^in.to the 
plastic storage' bottle. 

6. Gently swirl .the plastic 
bottle. 

7: Label the bottle "Ammonium 
Molybdate Solution." 

1 / Weigh-out 1 ^76 grains of 
ascorbic acid. 

*2. Measure out 100 ml dis- 
tilled water. 

3. Transfer the 1.76 g ascor- 
bic acid to a storage 
. bottle. . 



4. Pour the remaining dis- 
tilled water Into the 
storage bottle. 

5. Gently swirl the storage 
bottle. 

6. Label the bottle "Ascorbic 
Acid Solution." 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



6a. To dissolve the ammonium molybdate. 

7a. Store this solution at 4''C. 
7b. Prepare this solution weekly. 

la; In a weighing- boat. 

lb. Use an analytical balance. 

2a. Use a 100 m"l graduated cylinder. 



3a. Storage bottle must, be 100 ml capacity or grealerT 
3b. Storage bottle may be either plastic or glass. 
3c. Use part of the 100 ml of distilled water measured 
out In step 2 to rinse any remaining traces of 
ascorbic acid from the weighing boat Into the 
storage bottle. 



5a. To dissolve the ascorbic acid. 



6a. Store the solution at 4?C. 
6b. Prepare this solution weekly. 



TRAINING < 
GUIDE KOTES 



100 
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OPERATING PROCEDURES 



B. Reagent Preparation 
(continued) 

10. Combined reagent 
(combination of 
reagents 6, 7, 8, 
and 9 above) 



10. 



'STEP SEQUENCE 



1. Bring reagents 6, 7, 3, 
anjl 9 to room temperature 
before doing the following 
steps. 

2. Measure 50 ml 5 N sulfuric 
acid into a storage con- 
tainer. 



3. Pipet 5 ml antimony 
potassium -tartrate solxj- 
tion into the storage ^ 
bottle. . 

4. Gently swirl the storage 
bottle. 



5. Measure 15 ml ammonium 
molybdate solution into 
the storage bottle. 

6. Gently swirl the bottle. 



INFORMATION/OPERATING GOALS/ SPECIFICATIONS 



la< 



2a • 
2b. 
2c. 
2d. 



It is critical that all solutions used in the 
makeup of this combined reagent be at room 
temperature; before mixing., and that they be mixed 
in the order givea. 

Use a 100 ml graduated cylinder. 

Solution must be atVoom temperature. 

Storage container may be either glass or plastic 

Storage container must be 100 ml capacity or 

greater. 



TRAINING 
GUIDE NOTES 



3a, Use a 5 m\ volumetric pipet and a rubber bulb, 
3b. Solution must be at room temperature before 
addition. 



4a • To thoroughly mix the contents. 

4b. If any turbidity (cloudiness) is observed, shake 
the bottle and allow it to stand for a few minutes 
until the turbidity disappears before proceeding 
to step 5. r 3 

.5a. Use a 25 ml graduated cylinder. 
5b. Solution .lust be at room temp erature before 
addition. 



6a. 
6b. 



To thoroughly mix the contents. 
II turbidity (cloudiness) is observed, shake 
the bottle and allow to stand for a few minutes 
until the turbidity disappears before proceeding 
to step 7. r 3 



lo: 



EFFLUENT MONITORING PROCEDURE; Determination of Total Phosphorus (as P) or of Orthophosphate (as P). " ^^^^ 

Single Reagent Method 



3-20 



OPERATING* PROCEDURES 



* B; Reagent Preparation 
(continued) 



11. Ammonium 
per sulfate 



12. Stock phosphorus 
solution 



103 




STEP SEQUENCE 



7. Measure 30 ml ascorbic 
acid solution into the 
storage bottle. 

8. Gently swirl the bottle. 



9. Label the storage bottle 
"Combined Reagent." 



1. Transfer about 50 grams of 
ailmonium persulfate 
(NH4)2S20g into a 

container. 

2. Label the container 
"Ammonium Persulfate.'* 

1. Preheat an oven to 105**C. 



Transfer a few grams of 
potassium dihydrogen phos- 
•phate (KHgPO^) to a suit- 
able container. 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



7a. Use a 100 ml graduated cylinder. 
7b. Solution must be at rocv: .emperature before 
addition. 

8a. To thoroughly mix -the contents. 

8b. If any turbidity (cloudiness) is observed, shake 
the bottle and allow the combined reagent to stand 
for -.a few minutefi until the turbidity disappears 
before using* the combined reagent. 



9a. 
9b, 



TRAINING 
GUIDE NOTES 



The combined reagetit is extremely unstable and 
must be prepared fresh before each use. 
This 100 ml of combined reagent is sufficient for 
12 determinations. If large numbers of samples 
are to be run simultaneously, larger quantities of 
the combined reagent may be prepared by using the 
same reagent proportions. 

la. Use a spatula. 

lb. Put into any open-mouthed, shallow container con- 

venient to scoop or weigh from. 
Ic. CAUTION: This is a vigorous oxidizing agent. 

2a. Store in a desiccator. 

2b. Prevent contact with any combustible material. 

la. An oven used for drying suspended solids crucibles 
or filters is suitable. 

2a. Use a spatula. ' 

2b. NOTE: Any shallow, open container is suitable aV 
long as it can withstand 105^0 heat. A small 
porcelain evaporating dish is handy for the 
purpose. 



V.B.11.2a 
(p. 41) ' 
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OPERATINa PROCEDURES 



B. Reagent Preparation 
(continued) 
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STEP. SEQUENCE. 



3. Tptrn^fer the container of 
• potassium d1 hydrogen vpHos- 

phate to the prehpated 

oven. 



TraVisfer.the container of 
'potassium dihydrogen phos- 
pfrate to a desiccator. 



5. Transfer the container of 
potassium dihydrogen phos- 
phate to a spot convenient 
to the analytical balance. 

6. Weigh out exactly 0.2197 
grams of potassium di- 
hydrogen phosphate. 



7. Completely transl^r the 
0.2197 grams of pptassium 
dlhjjdrogen phosphate to a 
one liter volumetric flask. 

8. Fill the volumetric flosk 
about one-half full. 

9. ^Gently swirl the flask. 



0. J)11ute the contents of the 
flask to one Hter. 



INFORMATJON/OPERATIf^G GOALS/SPECjFICATION? 



3a. Use tongs, ^ * 
3b. Thia will drivWoff atmospheric moisture that the 

chemical has picked up and allow .accurate weighing. 
3c. Qry^ for a m.1ntrnum of 1 hour before proceedinq to 

step 4. . ^ • ; ^ 

3d. NOTE: Oven door should not be opened during ' . 
drying period. » ^ 

4a. Use tong;5. 

4b. NOTE: Potassium dihydrogen phospf|ate may be safe 

ly desiccatetd with ammoaium'persulfate. 
4c. To cool to room temperajture. 
4d. About 30-40 ndnutes should''be sufficient. • 

5a. Use tongs. 



6a. In a weighing boat. 

6b. On the analytical balance. 

6c. NOTE: This s.tep should be accomplished as quickly 
as is consistent with best weighing technique to 
avoid the pickup oif atmospheric moisture by the ' 
chemical during weighing.. 

7a. Funnel the chemical into the flasfc>, using 'a dis- 
tilled water squirt bottle to wash all traces'bf 
the chemical from the weighing boat and funnel 
into the flask. ^ 

8a'. Use distilled water. 



9a. To completely dissolve" the'potassium dihydrogen 
phosphate. 



10a. Use distilled water. 



TRAINING ' 
GUIDE NOTES 



(p. 4'l) 
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ty'FLUENT MONITORING PROCEDURE: Determination^ Phosphorus (as P) or of Orthophosphate (as P). ^^^^ . Wk 



OPERATING PROCEDURES. 

B. Reagent Preparatl55f 
(continued) 



C. Preparation of 
Standard -Phosphprifs. 
Solution-/ ' ' 



STEP SEQUENCE 



n. Stopper or cap the flask. 

12. Gently Invert the flask. 

13. Transfer the solution to 
a storage bottle.^ — 

14. LabelVthe bottle "Stock 
Phosphq^js Solution." 



INFORMATION/OPERATING GOAIS/SPECIFICATIONS 



1 . Pipet exactly 20 ml of ^ 
stock phosphorus solution 
\1nto a , one liter volumetric 
flask./ 



2. Dilute the stock phos- 
phorus solution In the 
flask to one liter. 

3. Stopfper or cap the flask. 

4. Gently Invert the flask. 

5. Label the flask "Standard 
Phosphorus Solution." 



12a. Do this half-a-db2en times to ensure compiete 

;C'ule must be 1000 ml capacity or greater. 
idD. Bottle-can be-glass or plastlcv^— 



14a. 1.0 ml equals 0.C5 mg F (50 microgram P). 

14b. Solution is stable for a maximum of six months if 

stored at 4°C when not in use. 
14c.. NOTE: Solution must be warmed to room temperature 
before use. 



la. Use a ^20 ml volumetric pipet and a rubber bulb. 

lb. NOTE: This volume only applies for the Bausch • 
and Lomb Spectron1c"7^(or equivalent) equipped ^ 
with the standard 1/2 <nch tubes. For other- ' n 
. 1/2 Inch tubes this volume must be adjusted: v 
See Training Guid^. 

2a. Use distilled waters - 



4a . Do-i:h1s-half^dozen t1mes~to"^erfsure m^^^ 

5a. 1.0 ml equals 1.0 vg P. 

5b. This dilute solution is unstable and must be 

, prepared daily. 



TRAINING- 
^•aOE NOTES 
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EFFLUENT MONITORING PROCEDURF : ^ete^i jatio^^^^^^^ Phosphorus (as P)" or of Orthophosphate (as P). 



OPERATING PROCEDURES 



Preparation of 
Phosphorus CitHbra- 
t1on'"Slandards 



. .103 




STEP SEQUENCE 



If you are preparing a ^ 
calibration curve, measure 
the amounts of standard 
phosphorus solution shown 
In Table 1 Into nine 50 ml 
volumetric flasks. If a 
callbratfon curve has 
already been established, 
omit- this step and steps 
2 through 6 and proceed to 
step 7. 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



la. Use volumetric pipets and a rubber bulb, 
lb. Label each flask with its appropriate mg/1 
phosrhorus concentration as given in Table 1. 
NOTE: If you will be using spectrophotometer 
tubes iffith a width greater than one half inch, 
the concentration of these standards will be ' 
different. See Training Guide. 
NOTE: The 40 ml volume of standard phosphorus 
soluti^may require a combination of volumetric 
pipets. 

TABLE 1 



Ic 



Flask 
No. 


ml of Standard 
Phosphorus Solution • 
"per 50.0 ml 


Concentration 
of Phosphorus, 
mq per liter 


■T 


■ 0 


0.00 


2 


1.0 


0.02 


3^ 


3.0 


0.06 


4 


5.0* 


0.10 


5 


10.0 » 


0.20 


6 


20.0 


0:40 


7 _ 


L — — 30^.0 


0760 ~ ' 


8 


40.0 


.0.80 


9- 


50.0 


1.00 



TRAINING 
GUIDE NOTES 



VI. 0.1b 
(P.-42) , 

J' 
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EFFLUENT MOtUTORING PROCEDURF.: Determination of Total Phosphorus (as P) or of Orthophosphate (as P) P^9e No. 3-24 
> Single Reagent Method 



OPERATING PROCEDURES 



STEP. SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



D. Preparation of 
Phosphorus Calibra- 
tion Standards 
(continued) 



111 



2, Dilute the various 
amounts of standard 
phosphorus solution in 
the. nine flasks to the 
50.0 ml. mark. 



3, Stopper or cap each flask, 

4, Gently invert each flask. 



Pour each of the nine 
prepared calibration 
■si:amtarrf5^fTm^hBlr~S0^^ 
volumetric flasks into a 
125 ml Erlenmeyer flask. 



6, If you are preparing ^ 
calibration curve, omit 
steps 7 through 15 and 
proceed to E, "Preparation 
of Samples," 

c 

7, Pipet 5 ml of standard 
phosphorus solution into a 
50 ml volumetric flaski 

8, Label the flask "0,10 mg/1 
P," 



2a, Use distilled water, 

2b, NOTE: The 50 ml flask requiring 0 ml of st^^^dard 
^ phosphorus solution is a "reagent blank" as. ,ill 
merely be filled to the '50 ml mark with distilled' 
water. However, this flask must be carried 
through the rest of the steps, being treated 
exactly as any sample or calibration standard. 



4a, Do this half-a-dozen times to ensure complete 
mixing, 

5a, Labe^ each 125 ml Erlenmeyer fUsk with the mg/1 P 
concentration corresponding to the ^articular 50ml 

~ — votumiftrr(rfra"sk~empt"iecl into Tt": — ™ ^ 



7a, Use a, 5 ml volumetric pipet and a rubber bulb. 



8a, 



8b. 



This is a "low" calibration standard. It must be 
used to check the accuracy of the calibration, 
curve. 

If you will be using spectrophotometer tubes with 
a width greater than ofie half inch, the concen- 
tration of this standard will be different. See 
Training Guide, 



VI,D,8b 
(p. 43) 
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EFFLUENT MONITORING PROCEDURR: Determination of Total Phosphorus (as P) or of Orthophosohate ( 

Single Reagent Method 



c 


OPERATING PROCEDURES 


STEP SEQUENCE 


' INFORMATION/OPERATING GOALS/SPECIFICATIONS 


• TRAINING 
GUIDE NOTES 


Preparation of 
Phosphorus Calibra- 
tion Standards 
(continued) 


9. Pi pet 40 ml of standard 
phosphorus solution into a 
50 ml volumetric flask. 

10. Label the flask "0.80 
mg/1 P." 

<> 

11. Dilute the standard 
phosphorus solution in the 
twp flasks to the 50.0 ml 
mark. 

12. Stopper or^cap each flask.- 
T3. Gently invert the flask." " 

14. Empty these flasks into 
each of two 125 ml 
Erlenttiever fla^k^ 

15. Pipet 50 ml of distilled 
water into a clean 125 ml 
Erlenmeyer flask. 

< 


"'9a. You may have to use a 20 ml volumetric pipet, 
filling it, twice and using a rubber bulb. 

10a. This is a "high'- calibration standard. It will 
be used to check the accuracy of the'^libration 
curve. \ 

10b. If you will be using spectrophotometer tub^s with 
a width greater than one half inch, che coiic^- 
tration of this standard will be different. See 
Training Guide. 

11a. Use distilled water. . - 

ft 

I3a. Do this half-a-dozen times to thoroughly mix the 
contents . ^ 

^ " > 

14a. Label the 125 ml Erlenm'eyer flasks with the 
'corresponding mg/1 P concentrations. 

■? ^ 

I5a. Use; a 50 ml volumetric pipet and a rubber bulb. 

15b. Label this flask "0.00 mg/1 P." 

15c. This is the "reagent blank." It is carried 

through all the steps, being tested exactly as 

any sample or calibration standard. 


VI. D. 10b 
(p. 43) 
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1 EFFLUENT HOIUTORING PROCEDURE: Oetemfnatton^of Total Phosphorus (as P) or of Orthophosphate (as P). ■ ""^ '"^^ ' ■ ' ' ? 
P . e oagen e o ^ . , ^ 


f OPERATING PROCEDURES 


STEP SEQUENCE 


INFORMATION/OPERATING GOALS/SPECIFICATIONS 


TDA TWTWr 

GUIDE NOTES 


J' E. Preparation of 
f ^ Samples 


1. Record the sample identi- 
fication information. 

2. Shake the sample. 

3. Immediately pipet 50 ml 
of sample into a 125 ml 
Erlenmeyer flask. 


"la. Sample should be at hand before continuing with 

this test, 
lb. Use a laboratory notebook.' 

Ic. Record "location," "identification." "type", 
"date and time collected," name of 'Isample 
collector," and "date and time analysis began" 
- on the data sheet provided. 


VII. E. la 
(p. 44) 
IX.E.lb 
(p. 48) 
IX.E.Ic 
(p. 49)' 


3a. Use a 50 ml volumetric pipet and a rubber bulb 
unless the sample contains Targfe particulate 
matter. Then use a 50 ml graduated cylinder. 

3b. Measure rapidly since solids may settle in tfie 
sample container, while you are filting the pipet 

; or cylinder. 

3c. NOTE: Wastewater samples may contain more than* 
1.00 mg/liter phosphorus and require dilution. 
With a^wastewater sample of unknown mg/liter P 
concentration. It is desirable to set up addi- 
tional flasks containing sample aliquots diluted 
to 50.0 ml 

3d. nDTE: . If orthophosphate is to be run, any sample 
containing appreciable quantities of turbidity or 
suspended solids must hh filtered through a 0.45 
micron phosphorus-free filter. Before attempting 
to run orthophosphate on such a sample^ refer to ^ 
.the Training Guide for an explanation of the . 
required procedure modification. Sample aliquots 

on which tnf'Al nhncnhr\v*iie 4c -f/v Ka r4A<4>A«MM<4 

wii ffiiivii Lutg 1 Mim^MiiDrus 15 to DB cucLenTiineu 
must not beTTltered at this time. . 

4a. If the sample dilutions are being used, include 

the amount of dilution on the label. 
4b. Also record^ the amount of sample dilution on the 

data" sheet provided. ^ 


VII. E. 3c 
(p. 45) 

ltII.E.3d" , 
(p. 46) 

■y 

ii.E.4a 
(p. 40) 


•• 

f- « 

i 

1 1 

1:' ' */ * * ' ' 


> 

4. Label this 125 ml 

Erlenmeyer flask "Sample." 

i 



trf EFFIUENT MOHITORiNG PROCEDURF: npt^y^^n^if 4n« t.*o nu^^^u 

1 ■ ' - ^ Singl? ReJge^^^^^ '^''P^''"^ Orthophosphate (as P). 




- OPERATING PROCEDURES 


STEP SEQUENCE 


in'formation/operatingvGoals/specifications 


TRAINING 
GUIDE NOTES 


1 E. Preparation of 

K Samples (continued) 

>- 


5. If only orthophosphate is 
to be determined, adjust 
the pH of the sample and 
calibration standards to 
7.0 + 0.2, then sklp^ 
Procedures F and G and 
start at Procedure H, 
"Preparation of Spectro- 
photometer." If total 
phosphorus Is to be 
ueterminea, continue w1tr> 
Procedure F, "Digestion 
Procedure for Total 
Phosphorus Determination." 


5a. Use an electronic pH meter. 

'5b. Use thelON and 0.1" N sodluiji hydroxide and the 
strong acid solution (11 N sulfuric acid) and the 
1.1 N sulfuric acid to adjust the pH. On a.ny pH 
adjustnent, begin with the strong acid (11 N) or 
base 00 N), and use the weaker (1.1 N sulfuric 
acid and 0.1 N sodium hydroxide) soluttons only 
for the final precise adjustments. 

5c. If no sample dilution is being used (i.e., you use 
50.0 ml of sample) any acid or base used for pH 
adjustment will cause a volume error (final -volume 
will be greater than 50.0 ml), 'and thus cause^'low' 
results. Significant pH adjustment volume errors 
on strongly acid or basic samples may be minimized 
by very roughly adjusting the pH of the 50.0 ml 
aliquot using concentrated (36 N) sulfuric acid or 
very strong (10 N) sodium hydroxide dropwise, 
followed by precise adjustment using the more 

dilute solutions~as- given in=5b-above. Small 

volume errors will still be unavoidable. 

5d. If a sample dilution is being used, a volume error 
from pH adjustment may be avoided by pipetting the 
filtered sample aliquot into an Erlenmeyer flask 
or beaker, addiijg distilled water to bring the 
volume to approximately 40 ml, performing the pH 
. and then pouring the pH adjusted sample 
dfTutfon into a 50.0 ml volumetric flask and add- 

Ino distillled water a< n<»i»Hi»H fn Kvflnn tt^^»:^^ 

lii^ >«i.jwiiicu naucr aoMiccQcu tu oring uiie voiume 
to the 50.0 ml mark. 
5e, NOTE: If you are preparing a calibration curve, 
there will be nine callbratinn ctanHav^c nu 
adjust (prepared in D, steps 1 through -5). If a' 
calibration curve has already been established, 
there will be three calibration standards to pH 
adjust (prepared in D, steps 7 through 15). 

: • , 
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EFFLUENT MONITORING PRQCEDURF : 



Determination of Total 
Single Reagent Method 



Phosphorus (as P) or of Orthophosphate (as P), ^^9^ 3-28 



OPERATING/PRCCEDURES 


1 

STEP SEQUENCE 


1 . / 1 
INFORMATION/OPERATING GOALS/SPECIRICATIONS 


. TRAINING 
GUIDE NOTES 


F. Digestion Procedure 
for Total Phosphorus 
Determination 
(Calibration 
Standards', Reagent 
Blank, Samples) 


1. Turn on- a hot plate, or 
plates. 

2. Add 1 ml of strong acid - 
solution (11 N sulfuric 
acid) to each 125 ml 
Erlenmeyer flask. 

3. Remove the ammonium per- 
sulfate from the 
desiccator. 


lai Let them heat. 

lb. The surface area of the hot plate(s) must be large 
-enough to accotrmodate a minimum of. 10-125 ml 
Erlenmeyer flasks. 
Ic. If an autoclave is to be used, omit this step. 

2a. Use a 10 ml graduated (Mohr) pipet and a rubber" 
bulb. 

2b. NOTE:' All standards including the reagent blank 
are digested along with, the sample. 


• 

• 




4. Weigh out a 0.4 gram 
port ton of ammonium. 
persulfate for each 
solution in a flask. 

5. Add 0.4 Oram annoniLini npr- 
sulfate to each of the ' 
125 ml Erlenmeyer flasks. 


4a. In weighing boats./ " ' 

4b. Using a triple-beam balance. 

4c. NOTE: If you are using a 0.4 gram,Hach measuring 
spoon (or equivalent), this step may be omitted as 
the portions may be scooped as needed. 






6. Add 3 or 4 glass boiling 
beads to each flask. ^ 

7. Place the flasks on the 
preheated hot plate(s). , 


6a. This will control bumping (uneven boiling). 

7a. Alternately, the flasks may be autoclaved for 
30 mTnutes at 12rc (15-20 psi). 


0 • ) 


119 


8. Gently boil the flasks. 


Bh. For 30-40 liiinufes or until a volume of approxi- 
mately 10 ml is reached. ^ 

8b. CAUTION; Do not allow any of the flasks to go to 
dryness. This will ruin the determination. 





5: 
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OPERATING procedures' 



pH/Adjustmant of 
. Digestafcr;a1ibration 
Standanllp^ Reagent 
Blank, Saniples 
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STEP SEQUENCE 



1. Set up as:*many 0.4? micron 
fjlter assembl^ies as you 
Tiave 'standaras, 'BVank'sT" 
and samples. 



2. Cool the digest; jn flasks 



3. Filter each standard, 
blank, and sample. 

4. ' Rinse each Erlenmeyef 

flask and filter the 
rinse water. 



5. Pour each filtrate back 
intoJts corresponding 
125 ml^Erlenmeyer flask. 

c 

6\ Rinse each filter flask. 



7. Adjust the pH of each 
standard, blank, and 
sample. 



INFOR MA TION/OPERATING GOAL S/SPECIFiej\ TIOI^S 



lb. 



.la. See the Training Guide Not3 reference^^'to this 
• itep fqrjnformation concenrlng this /typje oi_ 
assembly and the required phospfiorus-free filters 
If you do not have this many filtration assem- 
bliers, you can rinse out and reuse the equipment. 
•This requires more time. 

2a.- Hold them uf)der running tap water or use a very 
shallow cold-water bath. - 

3a. U^e a phosphorus-free 0.45 microji pore size filter 
and assembly. 

4a. Use distiUed water. 

4b. Use no more than 2, 5 ml portions for each flask, 
^dding each portion, swirling,, and then pouring 
each portion through the appropriate filter. 

5a. A powder funnel may be useful. 

5b. For laboratories having only double-el ectrocfe-pH 

JJ?i?^s, labeled 100 ml beakars.may be substituted 

for the 1^5 ml Erlenmeyers at this point. 



6a. 

6b. 
7a. 
7b. 
7c. 



Use one 10 ml portion of distilled water, adding 
the rinse water to the 125 ml Erlenmeyer flasks. 
Volume in each flask must riot exceed 35 ml. 

Adjust to pH 7 +^0.2. . 

Use an electric pH meter. 
•NOTE: When adjusting the pH, add ID N sodiuir. 
hydroxide rapidly using a graduateH (Mohr) pipet 
or eyedropper until the pH is raised to about 3 
(this will- require approximately 1 ml). There 
after, add base slowly and dropwise to pH 6, 
watching the pH mete** carefully. At th'is point 
continue the dropwise, addit jn, but using 0 1 N 
sodium hydroxide until the pH is up to 7-0 + 0 2 
If pH is raised too high, use 1.1 N sulfuric acid 
dropwise to lower the pH. 



TRAINI^JG 
GUIDE NOTES 



VII. G. la 

(p. 47L 
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_ OPERATING PROCEDURES 


STEP SEQUENCE 


>. / INFORMATION/OPERATINrG&ALS/SPECIFICATIONS 


TRAINING 
GUIDE NOTES 


pH Adjustment of 

w I yea mCU vuI IL/luLlun 

* Staffdards, Reagent 
Blank, Samples 
(continued) 


8,. Add 0.1 ml of 11 N sul- 
furic acid to each pH- 

^ adjusted standard, blSnk, 
and sample. 

» / 


"7 — 

6A. Use a 1 ml pi pet, graduated In 0.1 ml and a riihhpr 

/ bulb ^ 4/^ ^-tm^^^M III vf, 1 III 1^ aiiu a r uuuci 

/sb.^NOTEr^hTs. win prevent possible adsorption of 
phosphorus on Iron, aluminum, manganese or other 
metal pr'eclpltates. . ^ 


i 




9. Pour each standard, bl/nl^;, 
and sample into the SO ml 
volumetric flask i/which 
It was original] y^made up. 


-^^-•-^^T^^''^ 1? ^" 50 ml volumetric flask, 
add a small volume rinse of the flask or beaker 
used to adjust pH. 







10. -Dilute each fjisk to the 
mark. / ^ 


10a. Use distilled water. 






11. Stopper each flask. 








T?. Gently invert each flask. 


12a. Do this half-a-dozen times tj thoroughly mix the 
contents. „ » 






13. Pour each 50.0 ml solution 
back into its correspond- 

, ing 125 ml Erlenmeyer 
flask 


13a. Each Is now ready for the addition of colorlmetry 
reagents. ' 




H, Preparation of 
Spectrophotometer 


1- Turn the instrument-on. 


la. Allow a warm-up period of approximately 20 minutes 

(10 minutes minimum), 
lb.. Use a B & L Spectronic 20 (or equivalent) equipped 
wnn accessory Infrared phototube and filter for 
- use at 880 or 650 nm wavelength. 
Ic. There Is an EMP or> "Use of a Spectrophotometer,." 


V.H.lb 
(p. .41) 


12? ■ 
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'ErFLUENT ^rnTORINr,PRnnrn„PP : ^tJe.lnatl. of^^^^^^ P) 0, Orthophosphate.(as P). 



UKtKMIlNb rRCCEUURES 


STEP SEQUENCE 


, 

INFORMATION/OPERATING GOALS/SPECIFICATIONS 


- 

TRAINING 


I. Color Development 


1. Add 8.0 ml of combined 
reagent to each 125 ml 
Erlenmeyer flask. 


la. Use a 10 ml graduated (Mohr) pipet and a rubber 
bulb. 


GUIDE NOTES 




c. uenxiy swiri thft flasks. 

■% 


2a. To ensure complete mixing. 




ft 


3. Allow a 10 minute 
(minimum) to 30 minute 
(maximum) waiting period. 


3a. For maximum color development. 




0. SpectrophotometrJc 

Measurements 














1. Adjusting the 
instrument 


1. Consult the manufacturer's 
instructions for calibrat- 
ing your particular 
instrument. 


la. Instrument must 'be warmed up at least TO minutes. ' 
lb. There is an EMP on "Use of the Spectrophotometer." 




• > 

a 


2. Adjust the wavelength' to 
880 nm. 

3. Check to make sure that 
the instruffiaht reads 
infinite absorbance with 
no sample tube in the 
instrument. 


2a. 880 nm is the DrsfcvfoH uauaiann^'k kn*' ccn 

..Ill 4 J picicrreu waVcien9Ln> out ooO nm 

may also be used. 

3a. If it does not, adjust the instrument so that it 
does read infinite absorbance. (See manufac- 
turer's instructions). 


V.J. 1.2a 
(p. 41) 


2. Reading 
absorbance 


4. Use the reagent blank 
(0.00 mg/liter P) to ad- 
just the Instrument to 
zero absorbance. 

5. Repeat step 3. 

1. Measure and record the 
absorbances for each of 
the calibration standards. 


Spectrophotometer tubes'must be cleaned with 
[•I HCl, etc. See Procedure A, Glassware 
Preparation. ' * >»iassware 

4b. Use manufacturer's instructions to make the ' 
adjustment. • ' 

la. If you are preparing a calibration curve, there 

are 8 calibration standards, 
lb. If you are running check standards, there are 2 





(continued) 
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EFFLUENT MONITORING 'PROCEDURR ; Determination of Total Phosphorus (as P) or of Orthophosphate (as P). Panp Nn \ w 
—"^^"fr—^^ Single Reagent Method v » /• '•age no. 



OPERATING PROCEDURES 


STEP SFnilFNfP 


liirUKMMI lUN/UHtKATIN6 GOALS/SPECIFICATIONS' 


TRAINING 
GUIDE NOTES 


• J, Spectrophotometric 
Measurements 




Ic. In either case, proceed from the lowest to the 
highest concentratibfi* 

Id. Record the absorbance value next to the corre- 
sponding mg/1 iter P concentration of the cali- 
• bration or check standards on the data-sheet 


IX. J. 2. Id 
(p. 49) 




2, Measure and record the 
absorbances for each of 
the samples. 


2a* In the absorbance column provided for samples on 
}^ the data sheet. ^ 


IX. J. 2. 2a 
(p. 49) 




Turn off the 
spectrophotometer. 


3a. Unless it is to be used for other measurements. 




K. Making a Calibration 
Curve 


t> 

!• 1/ a calibration curve 
has been established, omit 
this Operating Procedure 
and proceed to .Operating 
Procedure L,^ "Checking 
trie uaiiDrauion turve« 
If a calibration curve has 
not been previously es- 
tablished, proceed with 
step 2 below. 


la. Since the standards for a total .phosphorus 
determination must be digested before colorime- 
try, and the standards for an orthdpfiDsDhate 
determination are not digested, one calibration 
curve will be needed for the total phosphorus 
determination and a separate calibration curve 
for the orthophosphate.determination. Unless they 
are exact duplicates, the two curves must not be 
used interchangeably. 


• 


f 


2. Obtd^in an 8 1/2 x 11 inch 
piece of graph paper. 


2a. The last page of this EMP is a model of graph 
paper labeled for this test. 


IX 

(p. 50) 


3, Label the longer side as 
the concentration axis. 


\^ 

^ "* 


V 

; 
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4. Label the shorter side as 
the absorbance ixis. 




.Jrk 




Making a Calibration 
Curve (continued) 



L.'IChecking the 
Calibration Curve 



12j 



ERIC 



Use the absorbance value 
and corresponding con- 
centration for each of 
the standards to make a 
plot of absorbance versus 
concentration. 

6. Skip Operating Procedure 
U "Checking the Cali- 
bration Curve>'!^artd 
proceed to Procedure Hi 
"Reading Results from the 

. Calibration Curve." 



1. Locate the absorbance 
ve.l4je just recorded fo; 
the 0.10 mg/liter P 
calibration standard. 



2. Read its observed con- 
centration. 

3. Record this curve mg/liter 
P concentration. 

4? Compare this observed 
mg/liter P concentration 
to its true .value of 0.10 
mg/li]ter P. 



5a. This graph should be prepared with. utmost care. 

Ir Jmc^^I^S' Pl^^^^"^ ''^^"^^ a stFTTgRt line. 
5c. This straight line plot is the calibration curve 



la. On the calibration curve for the determination 
ih Tf^w^*"® phosphorus or orthophosphate 

lb. If you adjusted the concentration of your stand- 
ards for other than half-inch width spectro- 
photometer tubes, the concentration of this 
standard is different. See Training Guide. 



.3a. In the column next to the absorbance column for 
check standards on th^ data sheet provided. 

4a. The observed mg/liter P concentration of the 
calibration standard, as read from the cali- 
brat:ion curve must be within +^2% of its true 
value of 0.10 mg/liter P. 

- 2% of 0.10 is 0.002 

- Thus the acceptable range is 0;098 to 0.102 
mg/liter P. 

(continued) 



VI.L.lb 
(p. 42) 



IX.L.3a 
(p. 49) 



1/ 
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OPERATING PROCEDURES 



L.^ Checking the 
Calibration Curve 



131 




STEP SEANCE 



5. ' If the observSl concen- 

tration Is wrthin the^ 
acceptable range of the 
true value,' proceed to 
step 6^.^ If the observed 
concentration Is not- 
within the acceptaBTe 
range oiF the true value, 
discard the calibration 
curve and prepare a new 
one by starting at 
Procedure D, following all 
directions for "If you are 
preparing a calibration 
curve."- 

6. Locate the absorbance 
value recorded for the 
0.80 mg/liter P cali- 
bration standard. 



7. Read its observed 
concentration. 

8. ' Record this curv.e mg/liter 

P concentration. 

9. Compare thfs observed mg/ 
liter P concentration to 
its true value of 0.80 mg/ 
liter P, 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



4b. See Training Guide if you adjt ted the concen- 
tration of this standard. 

5a. Failure of the observed and true concentrations 
- to ^gree within + Z% of the true value means ^ 
that the calibration curve is no longer suffic- 
iently accurate to report mg/liter P data obtainec 
' from it.- 



6a. Again, on the" calibration curve for your specific 
phosphorus determination. * 

6b. If you' adjusted the concentration of the stand- 
ards for other than half-inch Width cells, use 
the adjusted concentration. 



8a. In the column next to the absorbance column for 
check standards on the data sheet provided. 

9a. The observed mg/liter P concentration of the * 
calibration standard, a§ read from the calibra- 
tion curve, must Ije within + 2% of its true value 
of 0.80 mg/liter P. 
- 2% of 0.80 is 0.016 

^ The acceptable range is thi^refore 0.784 to 
0.816 mg/liter P; ^ • 

^continued) • • > 



-TRAWTNG- 
GUIDE NOTES 



VI. 1 :4b 
(p. 43) 

VILL.Sa 
(p- 47) 



IX.L.8a 
(p. 491 
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EFFLUENT M0NIT0RIN6 PROCEDURR; 



SiSgU Sen"tlSj3^ '''''''''' Qrthophosphate (as-P).' 




L. Checking the 
Calibration Curve 
(continued) 



Reading Results 
from the Calibration 
Curve • 



'ion 




10.^ If the observed concen- 
tration is within the 
acceptable range" of the 
true value, proceed,i:o - 
Procedure M, "Reading 
Results from the Cali- 
bration Curve.'! If the 
observed concentration is 
not within the acceptable 
range pf the true value, 
discard the calibration • 
curve and prepare a new 
one by starting at Pro- 
cedure D, following all 
directions for "if you are 
preparing a calibration 
curve." 



Use the absorbance value 
recorded for each sample 
and the standard curve 
^ for your specific phos- 
phorous determination to 
obtain the mg/liter P 
concentration. 

Record this curve mg/liter 
P concentration. 



9b. See Training Guide if you adjusted the concen- 
tration of this standard. 



VI.L.9b 
(p. 43) 



2a. In the column next to absorbance column for 
samples op the data sheet provided. 



X.M.2a 
(p. 49) 
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EFFLUEWT MONITORING PROCEDURE: petennlnatlbn of Total Phosphorur-(as P) or cf Orthophosphate (as P)' 
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OPERAJING PROCEDURES 



N. Calculat1onj»^ 



STEP SEQUENCE 



1. Determine the^ilutidn 
factor. 



2. Record the dilution 
factor. 

3. Multiply the carve mg/ 
?Uer P byrthe dilution 
factor. ^ : 

4. ' Record. this. final mg/liter 

P.. ' - 

•5. Sign, the data sh^^et..^ 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



la. The dilution factor for a straight (undilutedf 
$awple is» 1. 

lb. The total sampje volume is always 50 mU sb 25 ml 
of .sample diluted to 50 mV ih the volurretric 
flask wauld be 25/50 or 1/2 dilution, and ;che 
dilution factor would be 2. ' For othe** dilutions, 
. ^ see the Training Gu4de. 

Ic. The. data Sheet has a section with "Example 
Calculations." . , 



2a. In the column provided on ttie data sheet next to 
« the curve m'g/liter P column. . 



4a. In the colwnn provided On the data sheet. 

5a. On the line prov' led on the data sheet, "Analyst." 



TRAINING 
GUIDE NOTES 



II.N.lb 
(p. ilO) . 



ix.n:ic 

(P'. 49) 

IX.N.2a 
(p. 49) 



IX.'N.4a 
(p. 49) 

IX.N.Sa' 
(p. 49) 



0. Reporting Data 



> Report total phosphorus, 
.mg/1i€er P, or orthophos- 
phate, mg714ter P. 



la. On, any required record ,or .report sheets. 



IX. 0.1a 
(p.. 48) 



P. Clean-Up 



135 



1. Discard 'unused combiW 
reagent and standard 

. -"phospborus solution. 

2. Store the other reagents. 



la. Combined reagent must be made fresh before each 
^run, . ' ^ 

lb. Standard phosphorus solution may be retained for 
.other analyses to be performed that same. day. 

2a: Observe special sWage requirements of some 
reagents as stated* in B, "Reagent Preparition." 
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P..Clean-Up 
(continued) 



Transfer all glassware to 
wash area. 



4. Clean all -glassware. 



137 



ERIC 



4a. 
4b, 

4c. 
4d. 



4e. 



In readiness for next determination. 

According to the steps' in Operating Procedure A. 

"Glassware Preparation." 

This step may be performed when time permits. 

It IS desirable, but not mandatory, that a.ll ' 

glassware used in this procedure be maintained as 

JetemiSaliof'* '''' 
NOTE: Never clean glassware to be used in 
phosphorus determinations in commercial detergent 
as the active ingredient is usually a phosphate 
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EFFLUENT MONITORING PROCEDURE: 



Determination of Total Phosphorus (as.P) or of 
Orthophosphate (as P}, Single Reagent Method 



TRAINING GUIDE 



SECTION 
I* 
II* 
III 
IV 
V* 
VI* 
VII* 
VIII 
IX* 



TOPIC- 
Introduction 

Educational Concepts * Mathematics 
Educational Concepts * Science 
•Educational Concepts - Conmunlcatfons 
Field & Laboratory Equipment 
Field & Laboratory Rf^agents 
Field & Laboratory Analysis 
Safety 

Records & Reports 



draining guide materials are presented here under the headings marked 
These standardized headings are used through this series of procedures. 
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EFFLUENT HONITORING PROCEDURE: 



Determination of Total Phosphorus (as P) or of 
Orthophosphate (as P). Single Reagent Hithdd 



INTRODUCTION 



Section I 



TRAINING GUIDE NOTE 



Sources of phosphates in water besides the geoloaica 
illut" Zl&ir'i'.'''''V'V' sewage hS°'''' 
a"5\^^Hois"1n^*^^t??aTS '^^'^''^^^ 

ff:?t1;g^^^?f?eStrr^Kr1a;s:"^^ 

concentrations, phosphates can prSuce nuisance 
Jjg'aJisSs.^^^'' photo?ynthetic aqJaJic 

?2"^^*'^, phosphorus content of most waters 

Is quite low. the presence of high phosphate con! 

fpD^'Ji°"',?"^'^ Indicator of thl 

1^! .^°^!"* tf'e phosphate test will 

The orthophosphate (PQ^)' ion is the smallest and 

ll'^V^t^ °t PfJosphorus-oxygen radicals. The 
orthophosphate determination as given here is limited 
to the inorganic phosphorus (Pq,)* in thnample 

SS?e!'' ''^'"'^ colorimetric analysis 

More complex phosphorus compounds are usually com- ' 
lir^d°LV"''^'' orthophosphates or of pholphorSr 
lllli Jt° ^r**"" compounds (organic phosphorus). The 
tf J /IJ'Jt"''"^ determination as giSen here refers 
Unt il tne- phosphorus present in the sample, 

H?2fr; " °^ ^2""' *5 n«asured by the .per sulfate 
igest.ion procedure; . 

II^^"^o^?^^I:^^-' ^" ^^^^ instruction can be found 

osoholu? 5f? on page 249. titleS 

Phosphorus. All Forms (Single Reagent Method), other 
eferences which have acceptable procedures for 

lall S7fiP°'f >i^r'' ]^*^ Standarxi Methods, on 
Jages 476 and 481. and 1975 ASTM Part 31 on pa^e 384 



PFERENCES/RESOURCES 



Standard Methods for the • 
Examination of Water and 
Wastewater. ' 14th ed.. 1976 
APHA. New York. N.Y. p. 466 

Griffith, et. al.. editors. 
Environmental Phosphorus 
Handbook. 1973. John Wiley 
and Sbns. New York, N.Y. 
p. 443ff. 



Methods for Chemical Analysis 
of Water and Wastes. 1974. 
EPA, MDQARL, Cincinnati. OH 
45268. p. 251. 



Ibid. p. 

SeZcit^ .. 

nual Book of Standards. 



m 



Part 31. Water 71975. "asTM 
hiUdelphia. PA. p. 384. 



249. 

pp 476 and 481. 
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EFFLUENT MONITORING PROCEDURE; 



Determination of Total Phosphorus (as P) or of 
Orthophosphate (as P), Single Reagent Method 



EDUCATIONAL CONCEPTS - MATHEMATICS 



Section n 



TRAINING QUIDE^NOTE 



REFERENCES/RESOURCES 



E.4a 
N.lb 



Since the dilution is only part sanple, when the 
absorbance reading obtained for it is converted to 
a mg/liter P concentration using the calibration 
curve, the concentration obtained is only that of 
the dilution. To obtain the mg/liter P concentration 
of t^e sample, the mg/liter P concentration of the 
dilution must be multiplied times the amount of 
dilution factor. For a 1/2 dilution (25 ml sample/ 
50 ml total volume) the dilution factor would be 2 
(the dilution is only half sample)* For a 1/5 
dilution (10' ml of sample/50 ml total volume) the 
dilution factor ^woflld be 5. Use of dilution- factors 
is illustrated for a total phosphorus determination 
in- the typical data sheet in Section IX at the back 
of this Training Guide. Below is a table of common 
dilution factors for a 50 ml sample^ ^ 



ml of Sample per ' Amount^df 
50 ml Total Volume Dilution 



Dilution 
Factor 



25 


1/2 


' 2 


10 


1/5 


5 


5 


1/10 


10 


1 


- 1/50 


50 


0.5 


1/100 


100 


0.05 


1/1000 


1000 



The dilution factor for any dilution may be calcu- 
lated by dividing the ml of sample used in the 
dilution into 50: 

Dilution Factor « niT sample usefin-'dilution 

Example:' 2 m^l of sample diluted to 50 ml 

Dilution Factor = = 25 

The dilution factor would be 25, 
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ErFLUENT MONITORING PROCEDURE; 



°t PhSsploruriait^^) or of 
Orthophosphate (as P), Single Reagent Method 



FIELD AND LABORATORY EQUIPMENT 



B.n,.2a 
B.12.4 



H.lb 
a/1.2a 



Section V 



TRAINING GUIDE NOTE 



?k!I^k?"*^ are hygroscopic materials capable of 
absorbing moisture from a1r. Silica gel (SiOJ and 

calcium sulfate (CaSO^) are two coninonly used 

J?f|"'n*^''*^l^''^^ laboratory supply compa- 
nies. Desiccants must always be dry before use 

aro;e°Ji?5ifssoci;^^^' ^-""^ 

I ^ 

ShJlnS''^^^ 2 Vave]e.,3th of 880 nm is used for 
?Mn'^S!r' ^terminations. The second wavelength 
(650 nm) may be des.irable because of your particular 
instrument capabilities or because of unusual nteJ- 

\Z?lnf have such a " i{ua?iorJ 

vor^L' 2* ^50 nm wavelength to see^ 

111 y.lLt^^ ^ range of responses significant enough 

can use the 650 nm wavelength, netting. . 



REFERENCES/RESOURCES 
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EFFLUEKT HONITORING PROCEDURE ; Determination of Total Phosphorus (as P) or of 

Orthophosphate (as P), Single Reagerjt -Methcd 



FIELD ANDi.ABORATORY REAGENTS 



Section VI 



TRAINING GUIDE NOTE 



REFERENCES/RESOURCES 



C. lb 

D. lb 
L.lb 



The mg/liter P concentration range that a Spectronic 
20 with 1/2 inch colorimeter tubes can detect is . 
from 0.02 mg/liter P to approximately 1.00 mg/liter 
P. This covjsrs the useful working range of absorb- 
ance readings from 0.005. to approximately 0.7 
(Readings above about 3/4 of full scale deflection, 
which is approximately 0.7 absorbance, are inaccu- » 
rate and should be discarded). Using 20 ml of stock 
to prepare 1 liter of standard phosphorus solution 
allows the preparation of 8 calibration standards 
whose mg/liter P concentration covers 'the range of 
0.02 to 1.00 mg/liter P. If the absorbance of these 
same solutions were to be measured in 1 inch 
colorimeter tubgs, they would give absorbances 
ranging from 0.02 to approximately 1.4. Since the 
useful working range Is from 0.005 to about 0.7, 
about half of the standards would be useless, as 
they would read off the scale. This is because with 
a 1 inch colorimeter tube, you are measuring the 
absorbance of twice the thickness of colored solu- 
tion, and twice the thickness of a given colored 
solution will ab,sorb twice as much light and give 
twice the absorbance reading (Beer's Law). 

If you are using 1 inch colorimeter tubes, you will- 
need to use 10. ml of stock phosphorus solution, 
rather than 20 ml to prepare the standard phos- 
phorus solution* The various ml of standard 
phosphorus solution used in Table 1 (6p6r^ting 
Procedure D.lc) will then give calibration standards 
of the correct concentrations for use with 1 ^inch 
colorimeter tubes. The concentrations as given in 
Table 1 will now be inaccurate, however: If you 
use 1 inch spectrophotometer tube^f, and hence only 
use 10 ml of stock phosphorus solution to make up 
the standard phosphorus solution. Table 1 will read 
as follows: 



ml of Standard Phosphorus 
Solution per 50.0 ml 


Concentration of 
Phosphorus, mg/ 
liter 


0 


0.00 


1.0 


0.01 


3.0 


0.03 


5.0 


0.05 


10.0 


0.10 


20.0 


0.20 


30.0 


0.30 


40.0 


0.40 


50.0 


0.50 
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I . EFFLUENT MONITORING PROCEDURE: Determination of Total Phosphonis (as P) or of ^ ^ 
C:- ^ - Orthophosphate (as P), Single Reagent Method % 


\ FIELD AND. LABORATORY REAGENTS 


Section VI - 




TRAINING GUIDE. NOTE ' 


REFF-INCES/ RESOURCES 


!> C.lb ' 

D.lb 
1 L.lb 

(continued;) 

I ^ • \ 

t ' 


Not1C6 thdt since VOU arp 'iclnn 1 Anrh AM4tMA4.^^ 

tubes that have twice the thickness of 1/2 ^nch 
•tubes, the mg/1 Iter P concentrations of the stand- 
ards have been halved. Calibration curves and 
.data sheets made up using these 1/2 strength 
standards win need to have these new concentrations 
substituted for those given In the typical cali- 
bration-curve and data sheet at the back of this 
Training Guide, as they .are examples of data ob- 
tained using 1/2 Inch colorimeter tube calibration 
standards. 




f D.8b 
•i D.lOb 
K L.4b 
^ L.9b 

m 


If you ar'^ using 1 Inch- colorimeter tubes, the 
strength of the calibration curve check standards 
will also be different, and hence the acceptable 
r*"9? °^ o^'served. concentrations they can have will 
be different For 1 inch tubes the concentration of 
the calibration curve check standard using 5 ml of 
that standard phosphorus solution will be 0.05 mg/ 

Two percent of 0.05 Is .0.001, so the 
acceptable + 2% range will be from 0.049 to 0.051 
mg/nter P. The concentration of £he calibration 
'curve check standard using 40 ml of standard phos- - 
P^°n"!«^9^"*^°" ^'^^^ 0.40 mg/liter P. Two percent 
of 0.40 is 0.008, so the acceptable observed 
concentration range will be 0.392 to 0.408 mg/ 
liter P. 


t 


P , ^ 




% 
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EFFLUENT MONITORING PROCEDURE ; Determination of Total Phosphorus (as P) or of 
^ Orthophosphate (as P), Single-Reagent Method 



FIELD AND LABORATORY ANALYSIS 



Section VII 



TRAINING GUIDE NOTE 



REFERENCES/RESOURCES 



EJa 



COLLECTION OF SAMPLES FOR THIS TEST: 

Samples should be collected from a preagreed site by 
a preagreed technique known to all parties con- 
cerned. You should be familiar with the following 
Information since, you record-most of It on your 
laboratory data sheet. You may be responsible for 
actually collecting th6- sample; consult your 
supervisor. 

LOCATION.- Plant control and self-monitoring re- 
quirements will be the basis for selecting places 
to collect samples. Final collection points should 
be such that samples drawn there are as representa- 
tive of the entire sample source as posy^ble. 
Consult your supervisor. ' ^ • 

IDENTIFICATION - Each' col lection location should be 
assigned a number or simple Identification code. 
Use this to labef samples from that location and to 
record on the lab data sheet. 

TYPE - Permit requirements determine whether a grab 
or a composite sample will be collected; consult 
your supervisor* Mark type on sample container and 
X)n laboratory data sheet. 

HME OF COLLECTION - Mark time and date on sample 
container and on lab data sheet. 

CONTAINER - The analyst shoulll know what volume 
container is reijuired for each sample source. Con- 
tainers \hould be capped, and may be of plastic 
•naterial {such as cubitainers) or of Pyrex glass. 
Used contat^jers should be rinsed with hot 1:1 HCl, 
with tap water (2 times), with distilled water; 
checked for pl^osphate traces with combined reagent, 
then rinsed again with tap and distilled water (see 
Operating Procedure A, "Glassware Preparation," in . 
the EMP for spect^jc details). 

COLLECTION - Rinse^container two or three times with 
sample, then collectx the sample. If benthic deposits 
are present in the area being sampled, great care 
should be taken not to\include these deposits. 

SIGNATURE p Sample collector should sign his name on 
the container or label so^.this information can he 
recorded on the lab data sheet. 



Standard ^Methods for the 
•xaminatfort of Water 3tnd 
Wastewater. 14th ed., 1976, 
APHA, New York, NY, p, 38. 



Ibid. 



Methods for Chemical 
Analysis of Water and 
Wastes. 1974. EPA-NERC- 
WQARL, Cincinnati, Ohio 
45268. p. 249. 



Ibid. 



(continued) 
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EFFLUENT MONITORING PROCEDURE: 



Determination of Total Phosphorus (as P) or .of 
Orthophosphate (as P), Single Reagent Meth^od 



FIELD AND LABORATORY ANALYSIS 



Section VII 



E.la 

(continued) 



E.3c 



TRAINING GUIDE NOTE 

I PRESERVATION - If the analysis cannot be performed 
the same day as collectfbn, the sample should be 
preserved by the addition .of 2 ml concentrated 
sulfuric acid (HgSO^) or 40 mg mercuric chlorld? „ 
(HgClg) per liter and refrigeration at 4°C. If 
HgClg Is used as a preservative, samples should be 
spiked with a minimum of 50 mg/llter of sodium 
chloride (NaCl) to prevent interference of the HgClg 

with samples containing low (less than 50 mg Cl/1) 
chloride levels. 

HOLDING TIME - Maximum' holding time for preserved 
samples is seven days. Samples for the orthophos- 
phate determination that must be filtered, should 
be filtered as soon as practical after collection. 

A phosphorus determination on a "50^ml aliquot of any 
sample containing over 1.00 mg/litfer P will result 
in an absorbance outside the range of- the calibra- 
tion curve. The blue color produced by addition of 
the combined reagent will be so strong that the 
spectrophotometer .wfll be unable to measure it. 
Samples containing over 1.00 mg/liter P concentra- 
tions must be diluted. Since the mandatory sample 
size is 50 ml, all dilutions will be based on a 
lesser amount of sample diluted to 50 ml. The 
correct procedure' is to use a volumetric pipet to 
transfer a volume of sample to a 50 ml ^ volumetric 
flask, then to dilute. that volume of sample to 50 ml 

IK], ... ^^^^^ 3"*' '"^'^ thoroughly; This 

diltition may then be used in the procedure. ' 

A natural question arising is, "what amount of dilu- 
tion should I use?" The best answer is that only 
trial and error experience will show you the best 
dilution to use with a given sample, A rule of thumb 
is that potable, water samples will usually require 
little or no dilution. A typical series to run on 
a potable water sample of unknown mg/liter P con- 
centration m-ight be to prepare one flask coiitaining 
50 ml of undiluted sample, one flask containing 25 ml 
of sample diluted to 50 ml (this would be a 1/2 
?^ ""^ sample/50 ml total volume) and a 
r« , il^f^ containing 10 ml of sample diluted to " 



REFERENCES/RESOURCES 
Ibid, p. 249-?50, 25a.' 




Ibid, p. X and xi 
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EFFLUENT MONITORING PROCEDURE ; Determination of Total Phosphorus (as P) or of 

^ Orthophosphaje (as P), Single Reagent Method 



FIELD AND LABORATORY ANALYSIS 



SectiOD VII ' 



TRAINING GUIDE NOTE 



REFERENCES/RESOURCES 



E.3c 

(continued) 



E.3d 



Sewage samples mayxontain 10 mg/liter P. concentra- 
tions or more, and consequently require dilutions as 
high as 1/1000 (.05 ml of sample diluted to 50 ml). 
The problem encountered here is that volumes of less 
than 1 ml are hard to measure directly with any 
accuracy, and obtaining a representative sewage 
sample using such a small volume is unlikely. In 
making dilutions requiring less than 1 ml of sample, 
a good procedure is to use dual^tTiFfions. A dual ' 
dilution means taking a volume of sample^ diluting 
it, taking a volume of the first dilution, and 
diluting it again. To illustrate the use of dual 
dilutions, consider a sample requiring a 1/100 
dilution to get a mg/liter P concentration inside 
the required range of 0.02 mg/liter to 1.00 mg/liter 
First, takfe a 50 ml volumetric flask and pipet into 
it 5 ml of sample^ Dilute this flask to the mark, 
and you have a 1/10 dilution', .acn 1 ml of the 
contents of this flask contains 0.1 ml of the 
original sample. 0.5 ml of the sample is needed to 
dilute to 50 ml to achieve a 1/100 dilution, so if 
you .pipet S ml from the first dilution flask into 
a second 50 ml volumetric flask, you will have 
0.5 ml of sample tn a"*50 ml: flask. When dTTuTed to 
the 50 ml mark, this second flask will be a 1/100 
sample dilution, i^-eady^for determinat;ion. 

INTERFERENCES - Turbidity or suspended solids inter- 
fere with the orthophosphate determihation. This is 
because a spectrophotometer works by measuring the 
amount of light absorbed by^color pr^uced fn a 
sampleT)y the adaition of specific reagents. 
Turbidity or suspended soHds in a sample will 
falsely increase/ the absorbaftce reading because a 
spectrophotometer cannot differentiate between 
light absorbed by the color in a sample and that 
scattered or blocked by solids. 

The interference of turbidity or suspended solids in 
the orthophosph^te determination may be eliminated by 
filtering the sample through a .45 micron membrane 
filter before the determin?ition is begun. The 
filtration should be done as soon as possible after 
sample collection. A change in the name of the 
)hosphorus fraction reported must be mad^ to signify 
that the sample was filtered. An orthoptlosohate' 
ietermination made on a filtered sample musT be re- 
ported as Dissolved Orthophosphate, mg PTTTter. 



(continued) 



Ibtd ., p. 251, 
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EFaUUNT MONITORING PROCEDURE: DetermlBation of Total Phosphorus (as P) or of 
' . ; Orthophosj)h2te (as P), Single Reag.rrt Method 



FiaO AND LABORATORY ANALYSIS 



Section VII 



•TRAINING GUIDE NOTE 



REFERENCES/RESOURCES 



E.3d 

.(continued) 
G.la 




L.5a 



A membrane filter assembly typically consists of a 
funnel clamped to a fritted (porous) base. twldlng 
between them, a .4B- micron poVe-stze cellulose 
membrane filter. A stopper on the fritted base Is . 
Knn ? i-Ws assembly upMght, In the neclt-of a 
500 mV side-arm ,fl,ask .cohriecte?! to a vacuum source. 
A quantity of well,-m1xed sample Is measurfed'lnto the 

;hJ^V*S"^^l^^! aPPHed^.and the sample is 
-?M*^*Sr°"95 the filter intd.the side-anfi flask. 
I- f.ni*^.''^^ """Pl^ ^'^ll "ow.be free from- all 
turbidity or suspended sol ids'. » It may be decanted 
from the side-arm flask and used, -Jn subsequeht steps 
of the determination. A 

Since_the very fine porosity filters clog'quickly. 
samples containing high levels of particulate' 
matter may, require that 2 or 3 filters be used in 
succession to obtain enough filtrate fbr the, de- 
termination. In the case of a. total phosphorus 
determination, the entire digested. saSiple must be 
filtered and recovered. 

Before use, the membrane filter assemblies must be 
Cleaned in the same manner as all dther glassware 
used in the procedure". . 



The mCTibrane filters must also be phosphorus -free. 
This can be accomplished by soaking ordinary .45 
micron membrane filters in distilled water: 50 
filters per 2 liters distilled water for 1 fioiir, 
changing the water, and soaking an additional >. • 
3 hours. Alternately, .phosphorus-free filteh may 
be purchased (Gelman GA6 or equivalerTt). : 

In the determination of tota^hosphorus, low values 
have been reported because of possible adsorption of 
phosphorus on ir'on, aluminum* inanganese or oi;her 
metal precipitates. This can be avoided by fil- 
tration before neutral "izati-on and re-dissolving the 
metal hydroxides that form with 2-3 drops of acid 
before color development. 

/rilhUJl"^ must frequently discard your 

^"''ve because one or both of the 0 10 

?a" l°oM^{h172?]?''%*^^ cJectsfaJdards 

?S?k^^Jr"°" ^"''^e standards and prepare a new 
SelSed" ""'^ '''' ''''' °^ 



Standard Methods- for the 
, Jxamioation of Water and 
f*astewat4r, 14th ed., J976„ 
^PHA, New York, N . p. 472.- 



"Changes" and Errata in . 
Methods for Chemical Analysis 
of *fater and Wastes," 1974, 
EPA-NERC-HDIARL, Cincinnati, 
Ohio 45268 
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EFFLUENT MONITORING" PROCEDURE ; Determination of Total Phosphorus (as P) or of 
~~ ~ '~ Orthophosphate (as P), Single Reag^^nt Method 



RECORDS AND REPORTS 



Section IX 



EJb 



OJa 



TRAINING GUIDE NOTE 



All laboratory records must be kept for three years, 
preferably In a permanently bound notebook. The 
time period Unrequired by regulatory agencies. 

^3cH<>d as the next two pages are an example data 
5»np r4 a graph which .can be used to construct a 
cai.iL .don curve. These can be used for either a 
Total Phosphorus (asP) tr an Ortho SospH^te (as P) 
determination. 

Demanding on your organizational set-up, it may be 
your job responsibility to enter this data on the 
plant operation, record, state report form, etc. 
Check with your 3'<oerv1sor^ 



REFERENCES/RESOURCES 
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EFFLUENT MONITORING PROCEDURE; Deteraination of Total Phosphorus (as P) or of 

Orthophosphate (as P), Single Reagtit Method 



> RECORDS AND REPORTS 



Section IX 



EXAMPLE DATA SHEETr TOR TOTAL PHOSPHORUS OR FOR ORTHOPHOSPHATE , mg/litsr P 



E.lc 
E.lc 
u.lc 
E.lc 
E.lc 
E.lc 
N.5a 



'Sampling Location 
Sample Identification 
Type of Sample 
Date and Time Collected 
Sample Collector • 
Date and Tin.<! Analysis Began 
Analyst ' 



Final Effluent 

E.S. Is. 

Grab or Composite 
U17775 9;00 a.m. 
Tom "Sampler 



1/17/75 9;30a.m. 
Dick Analyst 



J. 2. Id 
L.3a 
L.8a 



. E.4b 

|i^.2.2a 
M.2a 
N.2a. 
N.4a 



Calibration Standards 
mg/liter P 

0.02 
0.06 ' 

d.io 

0.20 
0.40 
0.60 
. 0.80 

1.00 • X 



Absorbance 



Check Standards 
wg/liter P 



0.10 



Curve 

Absorbance mg/liter P 



0.80 



Amount of 
Sample Dilution 



Absorbance 



Curve 
mg/liter P 



Dilution 
Factor 



EXAMPLE CALCULATIONS 



N 'c' 



Final 
mg/liter P 



Amount of 
Sample Dilution 


1. 

Absorbance 


Curve 
- mg/liter P 


- Dilution, 
Factor 


Final ' 
mg/li.ter P 


Straight; Sarole 


off scale 




1 




1 (25 ml sample 


off scale 




2 




ml total ) 










1 (10 ml sample 


0.3525 ' 


0.520 ' 


^ 5 . 


2.60 


7 .50 rnl totkl) 










1 (5 ml sample 


0.1775 


0.260 


10 


2.60 


TS* 50 ml total) 










L- (2.5 ml sample 


0.0875 


0.130 


20 


2.60 


20 50 ml total) 










<• 




150- 
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EFFLUENT MONITORING PROCEDURE; Determination of Total Phosphorus (as P) or of Orthophosphate ^as P), 

- ^ Single Reagent Method 



RECORDS AND -REPORTS 



1.00 



DETERMINATION OF TOTAL PHOSPHORUS (AS P) 
(DISESTED PHOSPHORUS STANDARDS^ 
ICR 



0.80 



<: 
ta 

O 



Q.60 



DETERMINATION OF ORTHOPHOSPH^ 
(NON-DIGESTED PiiOSPHORUS STAf 

CALIBRATION GRAPH 

SIGNATURE OF PREPARER: ]_ 

DATE GRAPH WAS PREPARED f 



AS P) 
S) 



SECTION IX 



0.40 



0.20 



-Ira 



151 



O.od 



0.10 



0.20 . 



0.30 



0.40 



0.50 

0 



0.60 



0.70 



0.80 



'( .««CENTRATION OF PHOSPHORUS, mg/liter 



0.90 



1.00 



^ ... A PROTOTYPE .FOR DEVELOPMENT OF 



ROUTINE OPERATIONAL PROCEDURES 
for the 

g - DETERMINATION OF CHEMICAL OXYGEN DEMAND 



% ^ . -as applied in 
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EFFLUENT MONITORING'PROCEDURE: Determination of Chemical Oxygen Demand 



This operational procedure was developed by: 
Name , Audrey Donahue 

Address • EPA, WPO. National Training .Center, Cinc'innati, Ohio 

Position Chern^st-Instructor 

Education and Technical Backgr^ound 

B.A. Edged iff College 

Kyear Industrial Research Chemist 

8 years Secondary School Chemistry Instructor 

4 years DHEW-DI Water Quality Program Chemist 

6 years DI-EPA Chemist- Instructor 
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EFFLUENT MONITORING PROCEDURE: Determination of Chemical Oxygen Demand 



1. Objective: 

To determine the mg/llter Chemical Oxygen Demand of organic and oxidlzable 
Inorganic substances In a wastewater sample. 

2. Description of Analysis: 

A measured water sample Js mixed with a measured volume of potassium dichromate 
solution which Js a strong oxidizing agent* A volume of concentrated sulfuric 
acid equal to the combined volume of sample and oxidizing agent Is add^d to 
provide a 50%' by volume mixture which particularly promotes oxidation of 
organic and oxidlzable Inorganic substances In the sample. 

The mixture Is In a flask which Is then attached to a condensipr over a source 
of heat. The heat Is applied to rwintaln the mixture at a gentle boiling 
temperature of' lAS^'C for a two hour period. The condenser .cools and re- 
llqulfles materials that vaporize during this period. * 

In order to determine the amount of sample that Is oxidized under these 
conditions, the potassium dichromate solution must be added In excess. The 
measurement Involves titrating any unused oxidizing solution after the oxi- 
dation period, and. then calculating the Chemical Oxygen Demand from the 
amount of oxidizing solution that was used. A reducing agent, ferrous 
ammonium sulfate solution, is useTTo titrate ths unused potassium 
dichromate solution in the test mixture. Ferroin is used as a color indi- 
cator in this titration. 



If there is no potassiim dichromate left to titrate after the two hour 
oxidation period, the test must be done over using less sample. Water is 
added to make up for the missing volume of sample in order to maintain the 
50% volume of concentrated sulfuric- acid required in the test mixture. 

Organic substances are particularly susceptible to oxidation when placed in 
the conditions of this test. Even when the best laboratory technique is 
used, some organic contamination may be present and will affect test results. 
Consequently, a blank using distilled water inrtead of sample is run with 
each group of samples and is titrated with ferrous ammonium sulfate solution. 
The results are Included in the calculation formula to correct the data for 
minor contamination. The titration results for the blank may be of a 
magnitude to prompt a check of reagents and/or distilled water as contributors 
of excessive organic contamination in the test* 

3. Applicability of this Procedure: 

a. Range of Concentration: 
5 to 50 rag/liter COD 

Information is given so the same stepwise procedure can be used for COD 
greater than 50 mg/llter. 

b. Pretreatment of Samples: 

The Federal Register Guideline do not specify any pretreatment. 
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EFFLUENT MONITORING PROCEDORE: Determination of Chemical \Oxygen Demand 

c. Treatment of Interferences in Samples: "\ 

This procedure includes directions for conditioning glassware and in- 
formation about checking distilled water to minimize organic contamination. 
To minimize loss of volatile materials during the addition of sulfuric 
apid, instructions include cooling the test flask in ice water. Addition 
of mercuric sulfate to complex routine levcis of interfering. chlorides Is 
also part of the procedure. However, if the chloride concentration exceeds 
2000 mg/liter, consult the Source of Procedure* for thelrequired modi- 
fication of mercuric sulfate addition and of the calculation formula. 

No other interferences are noted in the Source of Procedure.^ 

\ 



♦Source of Procedure: Methods for Chemical Analysis of Water and Wastes, 1974, 
Environmental Protection AGency, Methods Development and Quality Assurance 
Research Laboratory, Cincinnati, OH, p. 21. , ' 
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EFFLUENT MONITORING PROCEDURE: Determination of Chemical Oxygen Demand 
FLOW SHEET: 



SAMPLE 



BLANK 



STANDARDIZATION 
OF 

FERROUS AMMONIUM SULFATE 



OXIDATION 



TITRATION 



CALCULATIONS 
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EFFLUENT MONITORING PRnCFnilRF: Determination of Chemical Oxygen Demand ' 
Equipment and Supply Requirements 
A. Capital Equipment: 

1- Balance, with a 0.1 or 0.01 gr,am, sensitivity ' 

2. Balance, anal-'tical with a 0.1 milligram sensitivity 

^' °'^^'Vtll°.\ ^2^;?-"?"* - Use an all-glass distillation unit if possible. ' ^ 
A meta> still is acceptable if all the surfaces that contact the 
distillate are heavily coated with pure tin. The still should be 
located away from areas wh. -e volatile organic solvents are stored 

?n"''lJpn."^P°;H f ^ "^^V"' - ^^^"'^^"9^ "1"-""^ -"embrace ?f?[ers 
to prepare the water. These treatments can add organic contamin- 
a ti on • 

4. Magnetic Stirrer - Hot Plate and MagnetTcTeWeverTpTac'-up rod). OPTIONAL 

5. Oven, laboratory for drying chem^cjls at 103'C. 

6. ="-';;=,?-?y«-«^«eter^and^reJated e,u1p».nt to test inorganic ,„a„ty 

B. Reusable Supplies: 

''"^^"nnte'f"'' 2"' ^l?sk-condenser-heating surface assembly is re- 
quired for each sample or blank to be tested. These should be 

permanent assembl Tes -w the- laboratorjr, protected fr&m contamin-' 

!f Jh\J^ ? """^ P^"9s in the open end of the condensers and 
with the flasks connected to the condensers. 

Flasks, heat-resistant glass, 500 ml Erlenmeyer or 300 ml round 
bottom, with a ground glass neck to fit the condenser of ciioice. 
arsdl't^nlfff type flask is to be used, purchase those having 
graduations for approximate volumes contained in the flask. 

Condensers, 12 inch Allihn or equivalent with a ground glass joint 
to'fit into the flask. (24/40 is a commonly -Gsed joint size.) 

Tubing Connections from cooling water source to condensers. 

""JonnH^hnifn^^r'J for EHenmeyer flasks or heating mantles for 
round bottom flasks. Either should have sufficient power to 
produce at least 9 watts/square inch to supply the 145°C temper- 
ature required. The amount o^ h^at supplied should be adjustable. 

NOT^: A 16 amp line is usually required for a series of 6 reflux 
set-ups. ic.iurt 

3. Beads, gla^s about 2 mm diam. 5 for -each flask - condenser assembly • 
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158 



EFFLUENT MONITORING PROCEDURE: Detennination of Chemicar Oxygen Demand 

.B* Reusable Supplies: (Continued) 

4. 1 Beaker, glacs, 250 ml 

5. 2 Bottles, brown glass, about^^O ml with dropper pipet in screw cap for 
ferroin* Alternatively, use a stoppered reagent bottle and a 
medicine dropper* 

6. 3 Bottles, glass, screw cap, minimum capacity of 1 liter each to store 
reagents. 

?• 1 Buret, 50 ml, OJ ml graduations, teflon. stopcock plug preferred. 

8. 1 Clamp, buret, for titration stand 

9. Containers, storage, glass or heavy plastic with screw caps for COD 
waste test materials containing mercury complexes and significant 
amounts of sulfuric acid. 

10* 1 Buchner funnel to catch glass beads when test wastes are transferred 
from flasks to storage containers. 

n. 2 Cylinders, graduated, 25 ml. 

12. 2 Cylinders, graduated, 100 ml. 

13. 1 Cylinder, graduated, 500 ml. 

14. 1 Desiccator to store cooling chemical for reagent preparatioij. 

15. 1 Evaporating dishvper sample to separate flask from heating surface. 
(Optional) 

16. 2 Flasks, Erlenmeyer, wide mouth 500 ml. 

17. 3 Flasks, volumetric, 1 liter. 

18. 1 Funnel, short stenv diam. about 75 mm (to fill 50 ml buret). 

"19. 1 Pan for ice water to cool mixtures, about 4 inch depth and about 8 inch 
diameter is sufficient. 

20. 1 Pipet bulb 

21. 1 Pipet, graduated, 10 ml (Omit if an automatic dispenser is used for 
the concentrated sulfuric acid). 

22. 1 Pipet, volumetric, 10 ml. ^ 

23. 1 Pipet, volumetric, 25 ml. 

24. 2 Pipets, volumetric, 50 ml. 
'25. 2 Pipets, volumetric, 100 ml. 

26. 1 Reagent bottle* glas with glass stopper. Only required if preparing 
less than 9 pounds of the sulfuric acid - silver sulfate solution. 

27. 1 Reagent spoon to roughlj^ measure 1 gram of mercuric sulfate. 

28. Rings, cork as supports if round bottom flasks are used, 1 per flask. 

29. 1 Stand, titration, support for buret. 
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- EFFLUENT MONITORING PROCEDURE : Detenhination of Chemical Oxygen Demand 



Reusable Scrpplies: (Continued) 

30. 1 Stirring rod, glass to use in 250 ml beaker. Omit if ferroin 

solutionis purchased already prepared or if a magnetic stirrer 
is^'available. 

31. Storage containers for distilled water, preferably glass. If only 

polyethylene bottles are available, be aware that organic 
plasticizers may be leached into water stored in such bottles 
over a period of time* ^ • - 

32". 1 Wash bottle,, squeeze type 500 ml. , j ' 

C. Consumable Supplies: ^ 

1. Glass wool, to make plugs for condensers, jbottle of distilled water, etc. 

2. Labels for reagent bottles, at least 7. 

3. Laboratory notebook with spaces for information similar to the "Typical 

Laboratory Data Sheet" in this EMP. 

4. Pencil, wax marking. 

'^'^ 5. Towels, paper. 

6. Weighing boats, at least 5. 

7. Ice to cool flasks during test. 

'Reagents - Quantities for one sample plus one blank:^^^ 
. 2 grams mercuric sulfate (HgS64)Teagent gradeV^ 

1 1/3 - ' pound bottles concentrated sulfuric acid(H2S0^) reagent grade. 
23.5 grams silver sulfate (AggSO^) reagent grade 

6.5 liters distilled water, high quality' with very low chemical 
oxygen demand * * . 

4 

14 grams potassium dichromate (KgCrgO^) primary st^andard grade. 

*1.5 grams 1-10 (orthoj phenanthroline with one molecule of water of 
hydration (ferroin) ((3^C^2"8''2*^'2^* 

^*1 gram ferrous sulfate with seven molecules of water of hydration 
^ . ^'eSO^-7H20) ' ^'"y' \ 

98 grams ferrous ammonium sulfate with six molecules of water of 
hydration [Fa (NH4)2(S04)2-^2°^ ^ 



*If ferroin indicator solution is purchased, these reagents are not required. 
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EFFLUENT MONITORING PROCEDURE; Determination of Chemical Oxygen Demand ' * * ' • <>W No. 4-10 



\ OPERATING PROCEDURES 


STEP SEQUENCE ' - 


■ ^ .. 

INFORMATION/OPERATING GOALS/SPECIFICATIONS 


, TRAINING 
GUIDE NOTES 


A. Preparing to 
- * Test the Sample. 


1. Assemble all equipment 
to .be used. 

2. Prepare the reagents for 
the test. 

3. If necessary, condition 
any flasks, boiling beads 
or condensers to be used 
for the test. 

4. If necessary, condition 
^ 'any other glassware to 
'i 'Stio-'iJtsed in the test. 

)• 

5. Record the sample identi- 
fication information. 


t 

la. Equipment list is-on p^.6, 7 and 8. 

lb. Flasks, boiling beads and condensers should be 

with the chosen heat source in a permanent 

assembly. 

2a. See Procedure B. Reagent Preparation 
J 

3a. Conditioning is necessary if the equipment is 
new, if it has been used for COD mixtures that 
• turned green during th.e^boiling period, or if 
It was us6<f for tests othep than COD. 

3b. See Procedure D , ":onditioning Flasks, Boiling 
Beads and Condensers" 

4a. This glassware is included in the equipment * 

list on pp. 6, 7 and 8. 
4b. Conditioning is necessary i.f the glassware is 

new, if it has been us^d to measure COD samples, 

or if it has been used for tests other than COD. 
4c. See Procedure E , "Conditioning. Glassware 

Other Than Flasks, Boiling Beads or Condensers". 

5a. The sample should be at hand before continuing 
with the test. 

5b. Use a laboratory notebook with space for inform- 
ation similar to the "Typical Laboratory Data 

^hppt" in thic FMP ' 

5c. Record "Identification", "Type" (grab or compos- 
ite), "Date and Time Collected", and the name., 
of the "Sample Collector" in one of the columns. 


I 

(p. 45) 

IX. Sheet I 
(p, 51) 

IX. A. 5. 
(p. 51) 


ib'l 









EFFLUENT MONITORING PROCEDURE ; Determination of Chemical Oxygen Demand 



OPERATING- PBOCEDURES 



B. Reagent Preparation 

<<«- 

1. Mercuric Sulfate 



2. Concentrated 
sulfuric acid 



Sulfuric acid - 
silver sulfate 
solution 
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1. 



3. 



iSTEP SEQUENCE 



Use a ] gram reagent spoon 
to measure the mercuric 
sulfate (HgSO-) at the time 
of the test. ^ ' 

Use concentrated sulfuric 
acid (HpSO,) to prepa'-fi 
other reagents and also as 
a reagent in the test. 



In a v^eighing h at, weigh 
23.5 grams of ..ilver 
sulfate (AggSO^). 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



Put the weighed chemical 
in a 9 pound bottle of 
reagent grade, concentrated 
sulfur' acid. 

Screw the cap oatr the 
bottle of acid. 



la. Use reagent grdu powdered mer'Turic sulfate, 
lb. Use pne gram for each'sample and for the blank. 



la. You need reagent grafie concentrated sulfuric 
a;:id. j \ ' 

lb. You need 2.5 liters for preparations. 

Ic. You need 5 ml for each sample and for the 
blank. 

Id. Since sulfuric acid causes severe burns to the 
. skin, you may want to put it in an automatic 
dispenser for use during the test. Label the 
dispenser. ^ " 

la. Use reagent grade silver sulfate. 

lb. You need 70 ml of this solution for eo/rh sample 
and each blank. If you do this test routinely, 
• it is easiest to prepare the amount of reagent 
as given in this procedure. To make smaller 
volumes of the reagent, multiply the ml of reagent 
desired by 0.0108 grams to find hOw many grams 
of silver sulfate are needed. 

Ic.^Use a bal;- with 0.1 or 0.01 gram- sensitivity . 

2a. To make smaller volumes, measure the acid with 
a graduate and carefully pour it into d glass 
reagent^ bottle. Add an amou.it of silver sulfate 
calculated as described above in lb. . 



TRAINING 
GUIDE NOTES 



V.B2.1d. 
{p. 46) 
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.EFFLUENT HON HORING PROCEDURE . Determination of Chemical Oxygen Demand ^^^^ ^"^^ 



OP ERATIMiS PR^QCEDURES 

Reagent Preparation 
(continued) 

3. Sulfuric acid - 
silver sulfate 
solution 
(continued) 



4. Distilled water 
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STEP SEQUENCE 



Swirl the mixture in the 
bottle every half hour or 
so until the silver sulfate 
dissolves. 



5. Label the container. 



1. Prepare 7 liters of high 
quality distilled water with 
very low chemical oxygen 
demand due to organic or 
inorganic contamination. 



INFORMATION/OPERATING GOALS/SPECIFICATTnN<: 



4a. It will take several hours for the silver sulfate 
to dissolve. If you hdve a magnetic stirrer 
assembly, use it to speed up the dissolvina. 
CAUTION: Sulfuric acid causes severe skin^burns. 
Be careful not to splash it out of the bottle when 
you put the stirring bar in. Also, use a 
retriever to get the bar out and thoroughly rinse 
the acid off of the retriever and the stirring 
bar at once, with water. 

5a. This is the sulfuric acid - silver , sulfate 

solution to be used in the test. Also write the 

date and your name on the label. 
5b. You may want to put some of this solution in an 

automatic dispenser for use during the test. 

Label the dispenser. 

la 



Requirements for distillation equipment are 
described c:> p. 6. 

When distilling water, use clean glass wool 
packing around delivery tubes to prevent organic 
contamination of the distillate. ' 
Requirements for water storage containers are 
described on p. 8. 

Mark the date of distillation on the water 
container. 

Plug the container of distilled water with clean 
glass v;ool or cover it with a screw cap. 
If. Store the container of distilled water away from 
areas where organic solvents are stored and/or 
used. 

You can test the inorganic quality of water with 
specific conductance measurements, either in line 
or on the distillate. The specific conductance 
should be less than 2.0 micromhos at 25^C. 

(continued) 



lb 



Ic 
Id 
le 



ig 



TRAINING 
GUIDE NOTES 



V.B3.5b. 
(p. 46) 
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EFFLUENT MONI TORING PROCEDURE ; Determination of Chemical Oxygen Demand 



OPERATING TROCEDURES 


1 

STEP SEQUENCE 


INFORMATION/OPERATING GOALS/SPECIFICATIONS 


TRAINING 
GUIDE NOTES 


B. Reagent Preparation 
(continued) 










~ • L/ 1 d C 1 1 1 CU YfQ CC 1 

(continued) 






Ih. The organic quality of water is difficult to 
monitor in line. If test blanks indicate 
significant organic contamination (See Training 
Guide, BLANKS) you could arrange to have total 
organic carbon tests acne on the distillate. At 
least check the still for cleanliness and check 
storage procedures. 


VII.B4.1h. 
(p. 48) 

I 


5. 0.250 N 
potassium 
dichi^omate 
solution 


.1. 


Dry about 14 grams of 
potassium dichromate (K2Cr207 
in a laboratory oven for two 
hours at 103°C. 


la.. Use primary standard grade potassium dichromate. 
lb. A round weighing is sufficient for this step. 






2. 


Remove the chemical from the 
oven to a desiccator to cool. 


2a. Desiccant should be dry. 

2b. Allow about 20 minutes for cooling. 






3, 


In a weighing boa^ weigh out 
12.259 grams of the dri?d 
potassium dichromate. 


3a. Use an analytical balance. 






4. 


Put t!ie weighed chemical into 
a 1 liter volumetric flask. 








5. 


Add about TiOP ml distilled 
water to the flask. 


5a. Use high quality distilled water with very low 
COD (See B.4). 






6. 


Swirl to dissolve the 
potassium dichromate. 


6a. Support the bottom of the flask with your hand 
while swirling. 








Add distilled watar up to the 
one liter mark on the flask. 






167 


* 

8. 


Mix the solution by inverting 
the flask several times. 




168 
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OPERATING PROCEDURES 



B. Reagent Preparation 
(continued) 

5. 0.250 N 
potassium 
dichromate 
solution, 
(continued) 



6. 0.025 N 
potassium 
di chroma te 
solution. 



7. Ferroin indicator 
solution. 
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STEP SEQUENCE. 



9. Pour the solution into 
screw cap bottle. 

10. Label the contaiiisr. 



1. Measure 100.0 ml of 0.250N 
i tassium dichromate 
(K2Cr207) solution. 

2. Drain the 100.0 ml into a 
1 liter volumetric flask. 

3. Add distilled water up to 
the one liter mark on the 
flask. 

4. Label the container. 



In a weighing boat, weigh 
1.48 grams of ferroin, 
1-10 (ortho) phenanthrolim 
monohydrate ((yC^2"8^2'"2°^ 
Put the weighed ferroin 
into a 2S0 ml beaker. 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



10a. This is 0.250 N potassium dichromate solution. It 
is used for testing samples with COD greater than 
50 mg/liter. 

10b. It is very stable and can be stored at room 

temperature for several months. 
10c. To use it for COD less than 50 mg/liter, you must 
dilute it to be 0.025 N. - 

la. Use a volumetric pi pet. 



3a. 

4a. 
4b. 
la. 
lb. 



Use high quality distilled water with very low 
COD (See B.4). 



This is the 0.025 N potassium dichromate solution 
to be used for COD les? than 50 mg/liter. 
Write the date and your name on the label.* 

You can purchase this indicator solution already 
prepared. 

You can use a balance with 0.01 gram sensitivity. 



TRAINING 
GUIDE NOTES 
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EFFLUENT MONITORING PROCEDURR: Detennination of Chemical Oxygen Demand 



OPERATING PROCEDURES 



B. Reagent Preparation 
(continued) 

7. Ferroin indicator 
solution (continued) 



8. 0.250 N Ferrous 
ammonium 
sulfate solution 



1 n 



STEP SEQUENCE 



3. In a weighing^boat, weigh 
0.70 grams of ferrous 
sulfate with seven mole- 
cules of water of 
hydration. 

4. Put thib into the same 
" 250 ml beaker. 

5. Measure 100 ml distilled 
water in a graduate. 

6. Put the water into th^ 
250 ml beaker containing 
the two weighed chemicals. 

7. Stir to dissolve. 



8. Put the indicator solution 
into dropper bottles. 

9. Label the container. 



1. In a weighing boat weigh 
out 98 grams of ferrous 
ammonium sulfate crystals. 
fFe(NH4)2(S04)2-6H20]. 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



3a. Use the same'balance as above.- 



5^ U^e high quality distilled water with very low 
COD (See B.4). 



TRAINING 
GUIDE NOTES 



7a. Use a stirring rod or a magnet and magnetic 

stirrer apparatus. • - 

7b. You can speed the dissolving process by heating 

the solution until it is just warm. 

3a. Use brown glass bottles. 

8b. You need two bottles of about 50 ml capacity each. 

9a. This is the ferroin indicator solution to be used 
in the test. Also write the date and vour name on 
the label. 

la. Use reagent grade ferrous ammonium sulfate, 
lb. You can use a balance with 0.1 or 0.01 gram 
sensitivity. 

Ic. In this section, the letters FAS will be used when 
referring to this chemical. 
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OPERATING PRClEDURES 



B. Reagent Prep.aration 
(continued) 

8.-^0.250-N-Ferrous- 

ammo rvi urn 
sulfate solution 
(continued) 



STEP SEQUENCE 
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-2. -Put the weighed-chemic^l — 
into a 1 liter volumetric 
flask. 

3. Fill the flask about two 
thirds full with distilled 
water. 

4. Swirl to dissolve the FAS. 



5. Measure 20 ml of concen- 
trated sulfuric acid in a 
graduate. 

6. Tilt the 1 liter flask and 
slowly pour the acid down 
along the inside wall of 
the flask and into the 
solution. 

7. Swirl to mix the acid and 
the FAS solution. 

8. Add distilled water up to 
the one liter mark on the 
flask. 

9. Mix the solution by 
inverting the flask 
several times. 

10. Pour the solution into a 
screw cap bottle. 




INFORMATION/OPERATING GOALS/SPEGi^ICATIONS 



3a. Use high quality distilled water with verylow 
COD (See B.4.). 



4a. Support the bottom of the flask with your hand 
' while swirling. 

5a. ^CAUTION: Sulfuric acid causes severe burns to the 
skin. 



6a. The solution may get slightly warm. 



7a. Support the bottom of the flask with your hand 
while swirling. 

^a. Use high quality distilled water with ^ery low 
COD (See B.4.). 



TRAINING 
GUIDE NOTES 
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EFFLUENT HbN'lfORINS.P^OCEDURF: Determination of Chemical Oxygen Demand 




8. 0.250 N Ferrous 
ammonium sulfate 
solution (continued] 




9. 0.025 N Ferrous 
ammonium sulfate 
solution. 
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11. Label the container. 



1. Measure 100.0 ml of 
0.250 N ferrous ammonium 
sulfate ^ 

[Fe(NH4)2(S04)2-6H20] 
solution. 

2. Drain the 100.0 ml intca 
1 liter volumetric flask'. 

3. Add distilled water up to 
the one liter mark on the 
flask. 

4. Label the container. 



lla. 



11b- 
11c, 
lid. 



This is 0.250 N ferrous ammonium sulfate solution 
It IS used for testing samples with COD greater 
than 50 Jig/ 1 i ter . _ _ 

It is unstable and should be stored in a^ark 
bottle. 

When using it for tests,, it must be standardized 
with potassium dichromat^' solution (Procedure C ) 
To use it for COD less than 50 mg/liter. you must 
'^Jlute it to 0.025 N. / 



la. Use a volume^ic pipet. 



3a: Use high quality distilled water with very low 
COD (See B.4.). 



4a. This IS the 0.025 N ferrous amnonium sulrate 

solution to be used for COD less than 50 mg/liter. 

4D. Wrne the date and your name on the label. 

4c. The solution. is unstable and should be stored in a 
dark bottle. 

4d. When using it for tests, it must be standardized 
with'.potassium dichromate solution {Procedure C. ). 
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OPERATING PROCEDURES 



C. Standardization of 

Ferrous Am:..onium 
" Sulfate Solution 



17 



STEP SEQUENCE. 



1. Measure 15 ml distilled 
water. 

2. Pour'the water into a 
250 ml Erlenmeyer flask. 

3. Repeat steps 1 and 2 with 
a second flask for a 
duplicate test. . 

4. Prepare an ice bath. 

5. Pla'^i one flask into the 
ice bath, 

6. Measure 10.0 ml of the 
0.025 N potassium dichro- 
mate (KgCr^O.^) solution. 

7. Drain the 10.0 ml into the 
250 ml flask in the ice 
bath. 

8. Swirl the beaker to wt 
the contents. 

9. Let the flask in the ice 
bath. 

10. Repeat steps 5 through 9 
for the duplicate test 
flask. 

11. Measure 20 ml concentrated 
sulfuric acid (HgSO^). 



INFORMATJON/OPERATING GOALS/SPECIFICATIONS 



la. Use a graduate. 

lb. Use high quality distilled water with very low 
COD. 



TRAINING 
GUIDE NOTES 



4a. The depth of the water should be about one inch. 



6a. Use a volumetric pipet. 



9a. You want to cooV- the flask. 



11a. Use a graduate or an automatic dispenser checked 

for accurate delivery, 
lib. CAUTION; Sulfuric acid causes severe burns to the 
skin: 



V.C.lla. 
(p. 46) 



178 



EFFLUENT MONITORING PROCEDURF : fio^-o.m-in.^.^. ri, • •, \ 

'■- Determination of Chemical Oxygen Demand 



1?J 



ERIC 




1?. Swirl the flask in the ice 
bath to mix the contents. 

14. Remove the flask from the 
ice bath. 

15. Repeat steps 11 through 
14 for the duplicate test 
flask. 

16. Put a buret clamp onto a 
titration stand. 

17. Rinse and drain the inside 
of a clean 50 ml buret 
with about 15 ml of the 
ferrous ammonium sulfate 
[Fe{NH4)2(S04)2-6H20] 

solution which is about ' 
0.025 N. 

18. Put the buret into the 
clamp on the stand. 

19. Close the stopcock of the 
buret. 

20. Add abocjt 15 ml of FAS 
solution to the buret. 



13a. You want to cool the flask to room temperature. 



14a. 



The bottom of the flask may be slightly warm to 
the touch. 



17a. 



17b. 



In this section, the letters FAS will be used when 
referring to this ferrous ammonium sulfate 
snlutiop. 

Put the FAS in a beaker so you can pour it into 
the buret. 



20a. Use a funnel . 



130 
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OPERATING PROCEDURES 



C. Standardization of 
Ferrous Ammonium _ 
Sulfate Solution " 
(continued) 



9^ 

.OS. 



STEP SEQUENCE 



21. Check the tip o"^ the 
buret for air btibbles. 



22. You may have to add more 
FAS solution to the buret, 

23. Record the level of the 
solution in the buret.- 



?4. Check that the 250 ml 
flask and contents are at 
room temperature before 
proceeding. 

25. Add one drop of ferroin 
indicator to the mixture 
in flask. 

26. -:y swirl the flask to 
mix the contents. 



27. Add about 8 ml af ferrous 
ammonium sulfate solution 
from the buret '^airly 
rapidly while constantly 
swirling the mixture in 
the flask. 



ERLC 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



?la. 



22a. 



23a, 



23b. 
23c: 



24a. 



If there is an air pocket, swiftly turn the 
stopcock in a complete circle to expel it. You 
may have to repeat this turning of the stopcock. 

You will need at least 10 ml of FAS for the 
titration. ' ^ 

Use one of the columns on the sheet titled 
"Standardization of £errous Anmonium Sulfate 
(FAS) Solution." 

This number is "ml FAS at START of titration." - 
Use the lowejst part, of the curve of the liquid 
(the meniscus) to take this reading. Some burets 
have> a color stripe and you can see a colored 
point. Record the reading using the line where " 
the point rests. 

You may have to put the.fliask back into tne 
container of cold wafCr to get this condition. 



25a. The ferroin should be in a dropper bottle. If it 

isn't, use a medicine dropper to transfer it. 
25b. One drop is used for .a 45 ml mixture. 

26a. This ensures thorough uxing. 
26b. Do not swirl any of the contents out of the 
flask. 

26c. The mixture is a deep orange color. 

27a. You must constantly swirl the flask so the FAS 
solution conies into contact and reacts with the 
mixture in it. 



TRAINING 
GUIDE NOTES 



IX. Sheet II 
(p. 52) 

IX.C.23. 
(p. 52) 



1S2 



EFFLUENT MOHITORING PROCEDURF ; Oetermi nation of Chemical Oxygen Demand 



OPERATING PROCEDURES 

. Standardization of 
Ferrous Ammonium 
Sulfate Solution 
(continued) 



STEP SEQUENCE 



28, 



Now adjust the stopcock so 
the FAS solution in the 
buret goes into the flask 
more slowly and continue 
swirling the flask. 



29. Now regulate the stopcock 
so the FAS solution in the 
buret goes into the flask 
one .drop at a time. 

30. .Step adding FAS when all 
.the mixturejnnhe flask 
is a reddish-brown color. 

31. Recora the final level of 
the solution in the buret. 



32. Repeat steps 22 through 31 
for the duplicate test 
flask. 

33. For each column of data, 
subtract the recorded "ml 
FAS at END of titration" 

' and record the difference 
on your data sheet. 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



€8d. The mixture in the fldsk gradually changes color 
..during this titration. Beginning with a deep 
orange color, the mixture becomes green, then 
blue-green. At that stage, ypu are very close to 
the end point and the end point color of reddish- 
brown will appear at the surface of the mixture 
in the flask when drops of FAS reach it. When 
you observe this reddish-brcwn color, close the 
stopcock. / 

29a. S irl the flask after each drop is add6d. At the 
end point, one drop is enough to change the color 
of all of the solution to a reddish-brown. 



3Ga. This is the end point of the reaction in the 
flask. 



31a. Use the same column as before on the sheet titled IX. Sheet II 
"Standar<ji2ation of Ferrous Ammonium Sulfate (FASl (n 52) 
Solution." ~ \H- / 

31b. This number is "ml FAS at END of .titration." IX. C 31 

(p. 52) 



TRAINING 
GUIDE NOTES 



33a. Use the same columns on the sheet. 
33b. This is Che "ml of FAS solution used for the 
standardization" r*eaction. 



IX. Sheet II 
(p. 52) 
IX.C.33. 
(p. 52) 



Q 



ERIC 
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OPERATING PROCEDURES 



C. 



Standardization of 
Ferrous Ammonium 
Sulfate Solution 
(contioued) ' 



.85 



STEP SEQUENCE 



34. The differences found in 
, step 33 above should agree 
within ±0.05 ml'. 



35. Divide 0.260 by one of the 
"agreeing" ml di'fferences 
found in step 34 above. 
Your answer should have 
four decimal places. 



36. Record this four decimal 
pla'ce answer. 



37. Round^off the answer to 
the division so the final 
answer has three decimal 
places. 



38. Record this three decimal 
place answer. 



39. Record the date. 



40. Sign the sheet. 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



34a. 



If th.e differences do not agree within +0.05" ml, 
repeat steps 1 through 34 (omitting 3, 10, 15, 32 
to get a third difference which should agree with 
one of the differences recorded in step 33 within 
-the ±0.05 ml limit. 



35a 



35b. 



Since the final answer is roupded off, you need 
not use averaged ml differences for this division 
The division comes from using this formula: ^ 

mi n/N^'Vfc^iim IVI nA^r^ccniim 

Normality 



/ml potassiumx ^N potassiumx 



dichromate ' Michroftiate 
ml ferrous ammonium sulfate 



or 



Np,s , (10.0) (0.025) 
^'^^ ml FAS 



36a. Use the same column on the sheet. 



38a. Use the same column on the sheet. 
38b, This is the "Normality of the FAS solution." The 
number will be uoed later to calculate COD. 

39a'. Use the same column on the sheet. 



40a. Use the same column on the sheets 



TRAINING 
GUIDE NOTES 



1X.CJ6. 
(p. 52) 



IX.C.38. 
(p. 52) 

IX.C.39. 
(p. 52) 

IX.C.40. 
(p. 52) 
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^ OPERATING PROCEDURES^ 



D. Conditioning Flasks, 
Boijing Beads and 
Condensers. 



■J? 



ERIC 



STEP SEQUENCE 



1. If flasks, beads or con- 
densers are new, if they 
^/ere used for COD tests when 
the boiling mixture turned 
green, -or if tftfey were used 

' for other :tests, use these 
steps' to condition th6m for 
use .in COD tests. 

2. Measure 50 ml distilled 
water. 



3. Pour the water into the 
flask to be used in the test. 

4. Repeat steps 2 and 3 for 
each flask to be used in the 
test. 

5. Measure 25 ml 0.025 N • 
potassium dichromate (K^Cr^O^^ 
solution. ^ c /A 

6. Pour this into one of the 
flasks. 

7. Swirl the vlask to mix the 
contents. 

8. Repeat steps 6, 6, and 7 for 
each fld^k to be used in the 
test. 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



la. After conditioning, do not use this glassware for 
any other laboratory procedures. Even traces of 
organic materials on the glassware wil"l reacts 
liuring the test and give higher results. 



2a. Use a graduate*. 

COD '^Vsee'^B^Vy ^^^^^^ '^^ ^^^^^ with very low 

3a. Rourtd bottom flasks can be supported by a heating 
mantle or a cork ring during these steps. - 



5a'. Use a graduate. 



TRAINING 
GUIDE NOTES 



Page 
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OPpATING PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAINING 
GUIuE NOTES 



D. Conditioning Flasks, 
Boiling Beads and 
Condensers. ■ . ■ 
(continued) 



.SO' 



9. Measure 75 ml concentrated 
sulfuric acid (HjSO^). 

loi Tilt the flask and slowly 
pour the* acid down the 
inside wall . 



11 -Swirl the flask to mix the 
«rontents. 

12. - Repeat steps 9, 10 arid 11 

for each flask to be used 
. in the test/ 

13. Add 5 glass beads to each 
flask containing mixtures. 

14. Carefully swirl each flask 
y again. 

15. Check the heat of tach 
\ flask. 

16. Use a paper towel to wipe 
off any water droplets on 
the outside of the flask, 

17. Attach one of the flasks to•^ 
a condenser. 

18. Gently* twist the flask while 
gently pushing it upward 
onto the condenser. 



9a. Use a graduats. 

9b.' CAUTION: S»jlfuric acid causes severe burns to the 
skin. 

10a. The solution and flask get very hot. 



ll4a. 

15a, 



CAUTION: You must thoroughly mix the contents* of 
the flask'to avoid an jexplosion during pr*ocedure. 

If the flasks are just warm to the touch, go to 
the next step. If the flasks are very hot, put 
them one by one down into a container of cold 
water* to get rid of excess heat. 



17a, 



The condenser is described in the equipment list, 
page 6. 



18a. This ensufes a good seal. 



190 



EFFLUENT MONI TORING PROCEDURE ; Determi nation of Chemical Oxygen Demand 



OPERATING PROCEDURES 



0. Conditioning Flasks, 

Boiling Beads and 
■ Condensers (Continued] 



19i 



STEP SEQUENCE 



19. Center the flask on/in a 
heating surface. 

20. Repeat steps 17, 18 and 19 
for each flask you ara 
conditioning. 

21 . Do not turn on the water to 
cool the condensers. 

22. Turn on the heat source for 
each flask. 

23. When the contents of the 
flasks begin to boil, keep 
looking to see if vapors 
come out of the top of the 
condenser. 

24. "Note the time when you see 
vapors coming out. 

25. Let the boiling continue 
5 to 10 minutes. 

26. Turn off the heat source for 
each flask. 

27. Allow flasks to cool. 

28. Squirt distilled water into 
the opening at the top of 
each of the condensers. 



fNF0RMA7;0N/0PERATIN6 GOALS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



ISa. Options for heaters are described in the equip- 
. rnent list, page 6. 



21a. You want the vapors of this cleaning mixture to 
move all the way up inside the condenser. 



27a. This takes 10 to 15 minutes. 

28a. Use up to 25 ml of high quality distilled water 

with very low COD. 
28b. This rinses any condensates down the inside walls 
and into the flask. 



Page 
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OPERATING PROCEDURES, 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



D. Conditioning Flasks, 
Boiling Beads and . 
Condensers (Continued) 
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29. Lightly plug the top opening 
of each condenser with clean 
glass wool, • 

30. Using a- twisting motion, , 
partial ly'disconnect one of 
the flasks from thfe con- 
denser. 

31. Squirt distilled water over 
the condenser tip, allowing 
this rinsing to go down into 
the flask. ^ ^ 

32. Remove the flasjc from under' 
the condenser. 

33. Squirt distilled water on 
the inside of the neck of ' 
the flask, allowing* this 

ri rising to go down fnto the 
flasJc. 

34. Turn on the cold water in a 
sink. 

35. Slowly pour the contents of' 
the f'ask directly into the 
drain. 

36. Let the cold water run at 
least 5 minutes. 



29a. This prevents contamination from air-borne 

particles. The- plug can be left in the condenser 
during the test. 



31a Da not touch the condenser tip with your fingers, 
paper towels, etc. Organic contamination of the 
tip could result. 



34a. You will have to dispose of the cleaning mixture. 

34b. Plumbing Tnust be able to tolerate acid.' 
» 

35a. The glass beads should, stay in the flask. 
35b. You could pour the contents through a Buchner 
funne'' to catch^'the glass beads. 

36a. This dilutes- the acid in the drain. 



194 



OPERATING PROCEDURES 

D. Conditioning Flasks, 
BdMng B«ads and 
Condensers (Continued 



£• Conditioning Glassv/are 
Other Than Flasks, 
Boiling Beads or 
Condensers. 



STEP SEQUENCE 

37. Use t«y) water to rinse the 
flask 3 times. 

38. Use distilled .water to rinse 
the flask 3*tin:ies.' 



39. Drain .the last of the 
. distilled water from the 

flask. 

40. Attach the flask to the 
rinsed condenser^ 

41. Repeat steps 30 through 40 
for each fl ask-that is 
teing preparecl for use. 



If the glassware is new, if 
it has been used to measure 
COD samples, or if it has 
been used for tests other 
than COD, use these steps 
to condition it for use. 



19j 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 

37a. The glass beads should stay In the flask for 
these rinsings or rinse those in the Buchner 
tunnel . 

38a. Use high quality distilled water with very low 
CCD. 

38b. The glass beads should stay In the flask for 
funnel"* ^^^"^^ 0/ n'nse those in the Buchner 
39a. The glass beads stay In the llalk .If yoiThave 
the flas^ ^''^ '^^^^^ back into 

40a. The flask should, stay there unVlKIt Is used for 
a test. 



TRAINING 
GUIDE NOTES 



la. Glassware Is Included In the equipment list on 

^ pages 6, 7 and 8. 
lb. This section applies to glassware used to prepare 

rf[lJ^ni°rh « glassware used ^ 

during the COD test. 

Ic. After conditioning, do not use this glassware ^or 
other laboratory procedures. Even traces of 
organic materials on the glassware will react 
during the test and give higher results ' ^ 



ERIC 
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OPERCTIfJG PROCEDURES 



E. Conditioning Glass- 
ware»Other Than 
Flasks, Boiling Beads 
or Condensers. 
(Continued) 



STEP SEQUENCE 
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9 



2. Measure 250 ml distilled 
• water. 



3. Pour the water into a clean 
• ^ bottTe : 



Measure 125 ml of U.025 N 
potassium dichromote 
solution. 

Pour thefflieasured potassium 
dichroniate(KpCrpOy) into the 
same bottle. 

Put the bottle into an ice 
bath. 



7. Keeping the bottle in the . 
ice water, swirl the con- 
tents in tl:e boftle. 

S.^Leave the bottle..in the ice* 
bath. 

9. Measure 375 ml of concen- 
trated sulfuric acid 
(H2SO4). 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



2a. Use a graduate. 

2b. Use high qualify distilled water with very low . 
COD. fSee B.4.). 

3a. The bottle will be used for storage so have one 

— — with-a screw»cap. ^You. can .use__a_clean_aciA. 

bottle. 

4a. Use a graduate. 



6a. The depth of ice water should be an inch above 
the level of acid in the bottle. 



7a. You want to mix it. 



8a. You want it to get cool, 



9^. Use a graduate. 

9b-. Use reagent grade acid. 

9c. CAUTION: Sulfuric acid causes severe .burns to 
the skin. ' ' 



TRAINING 
GUIDE NOTES 
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OPERATING PROCEDURES 



STEP .SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



. TRAINING 
GUIDE NaTES 



E. Conditioning Glassware 
Other Than Flasks, 
Boiling Beads or^ 
. Condensers. 
(Continued) ■ 
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10. Tilt the bottle In the Ipe 
bath and slowly pour the 
acid down the inside wall. 

11. Keeping the bottle in the 
ice bath, swirl the con- 
tents in the bottle. 

12.. Check that the bottle is 
cool enough to handle. 

13. Label the bottle. 

c 

>.• ' ^ 

14. Use the warm solution, to 
rinse over the walls of th^^ 
glarssware. 



IB. Oiscard the used solution. 



IvS. Repeat steps 14 and 15 two 
more times for each piece 
of .glassware to be con- 
ditioned. 

17. Rinse each piece of glass- 
ware with tap water 3 times, 

18. Rinse each piece of glass- 
^ ware with distilled water 

3 times. 



10a. The solution and bottle get hot. 



11a. You want to mix it. 



13a. This is Conditioning Solution for COD glassware. 
Also mark the date and your name. 



14?. 



I4b, 



•You can store the solution for future use. In 
this case, pour an adequate volume into a beaker 
and warm the solution on a hot plate. 
CAinriON: The sulfuric iacid in the solution causes 
severe burns to the skin. 



5a. Jurn the cold water tap on in a sink, 
T5b. Slowly pour the acid down the drain. 
15c. Let the tap run at least 5 minutes • 



amount 



17a. CAUTiqN: The first rinse contains a significant 



of sulfuric acid. 



18a. Use fi^gh quality distilled water with low COD. 



Page No. 4-Z9 
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Pa^Ti^o. 4t30 . 



4 ^t"^^ 



OPERATING 'procedures . 



£• Contlitioning" Glasswve, 
OtKer Than FKskf? , 
Boiling -^6445 or 
Condensj 
. (Cent 




;.1ft.vl-et hfe glassware "drain dry. 

iZQ, store the -glassware • 
separately from glassware 
used .for tests other than . 

. • .COD- , 



21 r store unii§ed' solution for 
future us 



' tf ^temsequence 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



F* Ox1datfT)n' of the Sample 
and Blank 



K Remove two reflux flasks 
from CCfe fVasJc-condensdr 
asseniblies* 



lb. 



20i 



2. Mark the sample identifi- 
cation on the QUtside of 
one of the flasks. 



3. Mark thf? w6rd, "Blank" on 
• the outside of the second 

flask. ' - ' 

4. Measure 1 gram of mer^dr^c 
su1fate(HgS0.)., 

5. ^ Place the mercuric sulfate 
" in the Sample flask. 



2a. 
2b. 

2c. 



3a. 
3b. 

4a. 

5a. 



Equipment is described. on pages 6, 7 and 8. 
Each flask should have 5 glajss beads in it. 
All flasks, glass .beads and condensers should 
have been used previously. for COD tests. If any 
ficisk, -beads^or condenser is new (6? has-been used 
for other tejts^ each must 'be conaitioned according 
to Procedure D. in thi5^ EMP,. y - 

Use a wax marking pencil. |^ 
Jee the label' on -ther sample botti 6 for an identifi- 
cation; code.' ^ ^ / 

In this proce(^ure we' will call this the Sejnple 
Tlask. ' . - " 

You will prepare a t^Tank andxtest it in the same 
ftianner as. the. sample.* 

In this procedure,- we will call this t^e Blank 
flask. 

Use a 1 gram reagent spDon. * • - 



Round "bottom flasks, can be supported by a heating 
mantle or, a c6rk ning during these steps.* 



Vir.F,3a. 
(p. 48)^ 
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OPERATING PROCEDURES 



F. Oxidation of the 
Sample and Blank 
• (continued) 
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STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



6. Repeat steps 4 and 5 for 
the Blank flask. 

7. Shake the bottle of sample 

8. Draw 50.0 ml af sample 
into a pipet. 



9. Deliver the 50.0 ml into 
the ^Sample flask. 

10. To prepare the blank, 
draw 50.0 ml of distilled 
water jnto another pipet. 



11. Deliver the 50.0 ml 
distilled water into the 
Blank flask. 

12. Draw''5.0 ml concentrated 
sulfuric acid (H^SO-) into 
a pipet. ^ ^ 



3. Deliver the 5.0 ml of acid 
into the Sample flask. 



TRAINING 
GUIDE NOTES. 



8a. 

8b 

8c. 



9a. 



10a, 

Idb. 
10c. 



" ' in volumetric pipet. #. 
f*»pe't bulb. 

For samples that turn green during the test and 
which cannot be titrated to an acceptable end 
pointy you may need to dilute the sample to a 
final volume of 50.0 ml at this step. You won't 
Know you have to do this until you have run 
50.0 ml of the sample through the. test up to "H 
Quantification, Step 12. -To ^void this 
uncertainty, you can prepare dilutions now. See 
Training Guide. , 

Record "S, ml Sample Used" on^1:he "Typical 
Laboratory^ Data Sheet" in ^is EMP. 

Use high quality distilled water with very low 
COD. ^ 
Use a clean volumetric pipe^. 
Use a pipet bulb. 



12a. 
12b. 



13a. 



VII.F.8C. 
(p. 49) 



IX. F. 9. 

(p. 51). 



CAUTION: Sulfuric acid causes severe skin burns. 
Use a clean 10 ml graduated pipet and a pipet 
bulb, or else an automatic dispenser checked for 
5.0 ml delivery. 

Tiit the flask andvdeliver the acid down along the 
inside wall. ^ 



V.F.12b. 
(P..46) 
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OPERATING PROCEDURES 


• STEP SEQUENCE 


■ INFORMATION/OPERATING^GOALS/SPECIFICATIONS 


TRAINING . i 
GUIDE NOTES 


i-' 


F. Oxidation of the 
^aliH>le and Blank 
(continued) , 


14. Kinse- Off. the outside of 
the pipet at a sink. 

15. Swirl the contents of the 
flask. ' • 


14a. Use tap water, to^ rinse any acid into the sink. 
14b. Let the water continue to run for a few minutes. 

15a: Most of the mercuric sulfate dissolves. 


-1 


Svi--- - 
l^s-; - - 

fe 


• 


16. Repeat steps 12 through 15 
to add 5.0 ml of acid to 
the Blank flask and rinse 
the pipet'. 






:* 


17. Prepare an ice bath. 


17a. The depth of the water should be about one Jnch. 




li- 




18. Place the Sample flask 
into the ice bath. 






fe ^ * " 

- * 

is--' ■ 


> • 

\* ' 

" »* * . * 


19. 'Draw 25.0 ml of 0.025. N 
potassium dichromate 
^K2Cr20^; solution into a ; 

pipet.' 

20. Swirl the flaskias you 

' Slowly . aaa tne ml of ^ 
0.025 N potassium dichro- 
mate solutfonv 


19a." Use a clean voluinetric pi pet ^ - 
19b. Use a pipet bulb. ^ 






« 


21. Let the flask in^he Ice 
baih." *^ 


21^. You want to cool the flask. 


• " - -"-ii 
"* t 


J ;% " 


f 


2l;Measure 70 ml of sulfuric 
" (HjSO^MgjSO^) sol uti on . 


22a. CAUTION: Sulfuric acid^ causes severe skin bums. 

CbU. UdC a i# I call iiii \^iauuczLC ui u^ac an au(#unioit«ii# 

dispenser checked for accurate delivery,. 

23a. If the aciid-sul fate sQlution is added too-rapfdly, 
heat ^t the surface of the solution can cause 
^ spattering upward. 

\ ♦ ft 

^l-- -- '-: . . ■■■■■ ■ ' 


V F 25h ^1 

(p.«). /| 






23. Vilt 'tfie flask in the ice 
r bath and swirl to -continu- 
. t)usly mix as' you slowly add 
, the acid-silver sulfate 

; - tsojutipri down t^he^ 
, ^ani ofe the flask ii"^ "^^ : ^ 





EFFLUENT MOHIToMnG PROCEDURR: oeteminatian ofcChemical Oxygen Demand 



OPERATING, PROCEDURES 



F: Oxidation of the 
Sample and Blank 
(continued) 



STEP SEQUENCE 



24. Swirl the flask in the ice 
bath. 

?5. Renwve the flask from the 
ice bath. 

26. Wipe the water off the 
outside of the flask. 

27. Carefully swirl the flask 
again. 



28. Repeat steps 18 through 27 
to add potassium dichromate 
and sulfuric acid-silver 
sulfate solutions to the 
Blank" flask. 

29. Attach the Sample flask to 
a condenser. 

30. Gently twist the flask 
while gently pushing it 
upward ont6 the condenser. 

31. Center the flask on/^n a 
heating surface. 

>. 

32. Repeat steps 29 through 31 
to.attach the Blank flask 
to a condenser. 

33. S^?rf the circulation of 
cooling water thrjough^the 
two condensers. . 



INFORMATION/OPERATING ^GOALS/SPECIFICATIONS 



24a. You want to cool the flask. 



25a, 

26a. 

27a. 
27b. 



The bottom part of the flask may still be warm.\ 
Use a paper towel. 



CAUTION: You must thoroughly mix the contents of 
the flask to avoid an explosion during reflux. 
CAUTION: Do not swirl so vigorously that the 
contents come out of the flask. 



29a. 



The condenser is described in the equipment list, 
page 6. , \ , 



30a. This ensures a good seal. 



31a. Choices for heaters are described in the 
equipment list, page 6. 



TRAINING 
GUIDE NOTES 



Page No. 4-33 
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OPERATING PROCEDURES 



F. Oxidation of the 
Sample and Blank 
(continued) 



G. Rinsing andv Removing 
Flasks from 

Condensers (continued)^ 
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_ STEP SEQUENCE 



34. Turn on the heat source 
for each flask. 

35. When the contents of the 
flasks begin to boil , 

, record the date. and time. ^ 

36. Reguiate the heat sources 
if necessary. 

37. Reflux the contents of the 
flasks for two hours. 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



1. Turn off the heat under 
the flask-condenser 
assemblies. 

2. Allow the flasks to cool. 



3. Squirt distilled water in- 
to the Oldening at. the top 
of the condenser which is 
attached to- the flask 
containing the sample. 



35a. Use the "Typical Laboratory Data 3heet>^ 
35b. Use the columns for the sample(s) and blanJ^,- 



36a. Adjust the heat to maintain a gently rolling boil 
. in each flask. 

37a. The mixtures in the f^lasks are usually a dark 
orange color during this period. If some turn 
to a green color, the potassium dichromate may 
be con?)letely reacted. Continue the test for 
such flasks, though, because there may be enough 
potassium dichromate left to titrate later on in- 
Procedure H. Quantitation. 

37b. If the samples are known to require less time for 
complete oxidation, less reflux time is ^ 
acceptable. , - 



la. 



2a. 
2b, 



3a. 
3b. 
3c. 



The contents of the flasks shouW have gently 
boiled for 2 hourS. 



This takes 10 to 15 minutes. 
Placing an evaporating dish upside down between 
the flask'and the heating surface makes for 
faster cooling. 

Use high quality distilled mter with very low 
COD. ' 

You want to rinie any condensates doWh the inside 

watls and into the flask. 

U:e up to 25 ml of water. ^ 



TRAINING 
GUIDE NOTES 



IX.F35. 
(p. 51) 



VII.F374). 
(p. 50) 
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EFFLUENT MONITORING PRQCEDIJRF : Determination of Chemical Oxygen .Demand 



OPERATING PROCEDURES 



STEP SEQUENCE 



JHFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAININGS 
GUIDE NOTES 



Rinsing and Removing 
Flasks from 
Condensers (continued) 
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4. Using a twisting motion, 
partially disconnect the 
flask from the condenser. 



5. Squirt -distilled water 
over the condenser tip, 
allowing this rinsing to 
go down into the flask. 

6. Remove the flask from 
under the condenser. 

7. Squirt distilled water on 
the Inside of the neck of 
the flask, allowing this 
rinsing to go down Into 
the flask. 

8. Squirt distilled water 
down along the Inside of 
the walls of the flask. 



9. Add^noii^gh distilled 
water "to the flask con- 
tairving the sample to 
bring the final volume 
to about 300 ml. 



4a. 
4b. 



PolnVthe lower tip of the condenser down into 
the flask. 

Be very careful tp avoid adding organic contimina 
tion to the joint" and into th^ inside of the neck 
of the flask. Do not touch these parts with your 
fingers, paper towels, etc. 



7a. 



8a. 



You want to rinse any condensates down 'into the 
flask. 



If a 300 ml /round bottom flask has^.been 
used, transfer the mixture to a 500 ml Erlenmeyer 
flask. Squirt distilled water down the inside 
walls of the original flask and pcur the rinsing 
into the Erlenmeyer flask. Repeat this rinsing 
of the original flask three times. 



9di^'<i f vol urp.£s> are marked on the flask , add distilled 
vWkter to tne^ 300 ml mark. 

If volumes are not marked on the flask, estimate 
the amount of water neede'd to bring the volume 
to 300 ml, measure it in a, graduate and add It 
to the flask. (The original mixture totaled 
150 ml and rinsings of the condenser, joint and 
flask would range^from 40 to 70 ml.) 



9b 
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Page ho, 4-36 



OPERATING PROCEDURES 



Rilnslng and Removing 
Fldsks froirt 

Cr.densers \ (continued) 




\ 



QUanti,f\ica^ior(: \ 
T| tradition of Sample 
ar|d Blfink ' ' 



SEQUENCE 



10, Put th^ si flask near the 
titration stand. 



11. Squirt di\ 
to the 6p^ 
^ of ^he ct 
attached^ 
containing 
. wateir blar 



12. 



tilled water in- 
ining at the top 
idjBnser which is 

\the flask 

the distilled ^ 



Repeat stetfs \4 through 10 
above\ to rrjise inner walls 
of th^s conde^}ser and 
flask tand tdj baring the 
final yolumelto about 
300 mil ^ ' 



V 

V 



\ 



21-3 



1. Rinse and dratn/the inside 
of a clean, 50 ml burelt 
with about lS"ml of 
ferrous ammonip sulfate 
[Fe(NH^)2(S04)p6K20] 

solution of known 
normality. 

2. Put the' buret into the _ 
clamp on the titration 



stand. 

3. Close^the stopcock of the 
^ buret. 

4. Add about 15 ml of the 
ferrous anroonium sulfate 
solution. 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



Tla. Use high quality distilled water with very low 
COD. 

lib. .You want to rinse any condensates down the 

inside walls and into the flask. 
11c. Use up to 25 ml of water. 



la. Ferrous anmonium sulfate solution is unstable and 
must be standardized on the day you use it so the 
normality is known. The procedure to do this is 
described in "C. Standardization of Ferrous 
Amnonium Sulfate Solution." 



4a. Use a funnel . 

4b. In this section, the letters FAS will be used 
when referring to the ferrous ammonium sulfate 
solution of known normality. 



TRAINING 
GUIDE NOTES 



ERIC 



EFFLUENT MONITORING PROCEDURE; Determination of Chemical Oxygen Demand 



OPERATING PROCEDURES 



H. Quantification: 
Titration of Sample 
^nd Blank (continued) 



STEP' SEQUErfCE 



Check the tip of the buret 
for air bubbles. 



6. Add more FAS solution to 
the buret. 

7. Record the level of the 
solution fn the buret. 



8. Check that the flask con- 
taining the sample is at 
room temperature before 
proceeding. 

9. Gently swirl the contents 
of the flask containing 
the sample. 

10. Add 'lO drops of ferroin 
indicator solution to the 
mixture in the flask. 

11. Again, gently swirl the 
contents ^ the flask. 

12. Add FAS sofution fron^the 
buret fairly rapidly, 
while constantly swirling 
the jnixture in the flask. 



INFORM'll ION/OPERATING GOALS/SPECIFICATIONS 



5a. 



6a. 



7a 



If there is an air pocket, swiftly turn the stop- 
cock in a complete circle to expel it. You may 
have to repeat this turning of the stopcock.* 

You will need up to 25 ml of FAS for ->ach sample 
and blank. ^ 



On the :\Iy4>ical Laboratory Data Sheet" in the . 
column with the sample identification information 
7b. This is the "ml FAS at START of tltration". 

8a. You may have to put the flask into«a-pan of cool 
water to get this condition,^ 

9a. TRis ensures thorough mixing. 

9b. Do not swirl any of the contents out of the flask 

lOe. The farroin should be in a dropper bottle." If it 

isn't, use a medicine dropper to transfer it^ 
10b. Ten drops are used fbr>a 300 ml mixture. 

11a. This ensures Jthorough mixing. 

lib. The mixture is -a deep orange color. 

12a. You must constantly swirl the receiving flask so 
^tjiat the FAS solution comes into contact and 
reacts with all the mixture in. it. 

12b. The mixture in the f^ask will gradually change 
color becoming'cireen,^ then bltiiL-green. When the 
addition of F^AS solution makes a reddish-brown 
color at the surface of the sample solution, 
close the stopcock. 

o 

. (continued) 



TRAINING 
GUIDE NOTES 



IX. Sheet I. 
(p. 51) 
IX.H.7. 
(p. 5l) 
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EFFLUENT MONITORING PROCEDU.RR : Determination of Chemical O)0'gen Demand 



OPERATING PROCEDgRES ' 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAINIffG , 
GUIDE NOTES 



H. Quantification: 
Titration of^. Sample 
. and Blank .(continued) 
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18. 



1.9. 

i 



Record the level of the- 
FAS solution in the buret.. 



Check that the flask ' 
containing the blank is at 

-roomjtefnpera±uteJ25lQjie_L 
proceeding. 



20. Gently swirl the contents. 
. of the fla?k containing 

' the distilled water 
blank. _ , 

21. Repeat steps 10 through 14 
above to- add the FAS solu- 
•tion from the buret unt^l 
all the mixture in the 
flask is reddi^sh brown. 

22. Record the final level of 
the FAS solution in the 
buret. 

23. Subtract the recorded "ml 
of FAS at beginning of 
titration" from "ml of FAS 
at end of titration" and 
record the difference on 
your data sheet. 



18a. On line one of a column on the data sheet, write 

"Blank" as the identification. 
18b. In that column, record the level of FAS as "ml 

FAS at START of titration". 

19a, Yon may have to put the flask into a pan of cool 
water to get this condition. 



20a. This ensures thorough mixing. • ' 

20b. Db not swirl any of the contents out of the flask 



22a., On the data sheet, this is "ml FAS at END.of 

titration." 
22b. "Use the column for the blank. 

23a. Oh the data sheet, thts is "A,- ml FAS used to 

titrate the Blank". 
23b. Use the column for the blank. 



IX. Sheet I 
(p. 51)[ 
IX.H.18. 
(P.51) 



IX.H.22. 
(p. 51) 



IX.H.23. 
(p. 51) 
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-£FFtUtMTi^HONnORIIlG~PROCEOUR^^^^ , . Page No 4-40 


1^ ' , OPERATING PROCEDURES 


STEP SEQUENCE 


INFORMATION/OPERATING GOALS^^ 


' TRAINING / i 


&f .. cl.. Clean % \ • 

S:^- ' ' ' , * 


1 . Careful ly pour the 
contents of both the 
Sample and the Blank ^ 
flasks through a cleaned 
Buchnier funnel and Into a 
storage container. 

<\ 

Use tap water to rfhse 


la. The glass-^beads should stay in the funnel. 
lb. The storage containe.r should be glass or .thick 

p'fastic with a screw, cap. 
Ic. These mixtures have up to 25% concentrated 

sulfuric acid so handle and store them with 

caution.. ^ , 
Id, These mixtures also contain, mercury comp^lexes ^ 
. which need special tn^atment for disposal. . 

~"2aT^ the-^4ask-€0BtainedlA_mlj&^^^ which, turned 


VI. I. Id. 

(P- 47). ^ " i 


_■ 

f ' '_- - 

r>i . - - 

.^^^ ' 

. ' ^ * 
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each flaskT^ftmesi — 

3. Use distilled water to 
rinse each flask 3 times. 

4. Wipe any wax markings off 
the outside of the flasks. 

5. Use tap water to rin^e 
the beads 3 times. 

6. )jse distilled water to 
rinse the beads 3 times. 

. 7." Trarjsfer 5 glass beads to. 
^each rinsed reflux flask. ^ 

a* Attach each flask to a 
V condenser used and rinsed 

during the test. ^ 

>^ 

n 


gr^n-dui4ng-lheL.2JmurLj;Oll1ng period, the , 

; flask, beads and the condenser will nave to be — 

conditioned before re-use for a COD test. 

(See Procedure D.) 

Zf. Use high quality distilled Water with very low 
COO (See B.4.) " ^ 

5a. The beads^ ar^ held in the Buchner ^funnel 

6a. The beads .are still in*the funnef. 

7a. Do not contaminate the beads at this step. Use 
a spatula to roll the beads frbm the edge of the 
funnel to the. flask or use forceps to make the . 
transfer. \ . * 

. Ba^ The flasks should stay there until, they are used 
again. 

* ? 


-if 
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(C^v/' EFFLUENT MONITORING PROCEDURE ; Determination .of Chemical Oxygen Demand 



W- OPERATING- PROCEDURES 


STEP SEQUENCE 


INFORMATION/OPERATING GOALS/SPECIFICATIONS 


TRAINING 
GUIDE NOTES , 


I. Clean up (continued) 


9. Drain any ferrous ammonium 
sulfate solution out of 
the buret. • 

10. Use tap water to rinse 
the inside of the buret 
3 times. 

11. Use high quality distilled 
water to rinse the buret 

3 times. 


9a^ This can be put directly down the jlrain or a sink 




if ■■ ' 


12. Put the buret back in the 
titration stand but upside 

■ down with the stopcQCK 
open. 

13. Other glassware (pi pets, 
etcir) used, during the test 
should be rinsed with tap 
water. 


12a. The buret can drain completely. 

12b. This bure^ should be used only for the COD test. 
Even traces of organiq materials from other 
solutions may result in errors in future COD 
titrations. 




:. . X 


14. As soon as possible, this 
other -glassware should be 
cleaned using Procedure £. 


i 

( 

\ 




i 
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0PERATIH3 PROCEDURES 



_SJEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFIdATIONS 



TRAINING 
GUIDE NOTES 



J.~ Calculations 



1. Use the following steps to 
calculate COD, mg/liter: 
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Subtract "B, ml FAS used to 
titrate the Sawple" on line 
10 from "A,>{fil FAS used to 
titrate Blank" on line 



Write the difference on 
line 11 of the data sheet. 

Record "N, normality of ' 
FAS" on line 12 of the 
data sheet. 



la. The calculation formula is: , 

3' 

Chemical Oxygen Demand i mg liter = 

(A-B) N X 8000 ^ . 
S 

' Where: • * 

A* ml FAS to titrate the Blank 
B* ml FAS to titrate the Sample , 
r N= normality of FAS* 
S= ml Sample Used 
8000 convei^ts to COD, mg/liter 

T')e "Typical Lal)oratoryJ)ata Sheet" hat', the steps 
and an example for doing this calculation. 

Numbers used in the examples below are from the 
•example in- the last columns on the "Typical 
Laboratory Data Sheet". 

Example on" data sheet: " 
Tine 4 : 23.55 

line 10: 15.00 ' c 
Differences^ 8.55 • - 

3a. This has been done for the example on the data 
. sheet. 

4a. ^ This number is calculated as shown by the 

example on the sheet titled^"Standardization of 
' Ferrour. Ammpnium Sjilfate (FAS) Solution.'' 

4b. .The example number, 0.024, from C.38 on that 
' shee^ has .been recorded on line 12 of the data 
sheet. « o 



lb. 
Ic. 

2a. 



At 



iX. Sheet I 
(p. 51) 

IX. Sheet I 
(p. 51) 



IX.0.3. 
(p. 51) 



IX. 0.4. 
(p. 51) 
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EFFLUENT MONITORING PROCEDURE ; Determination of Chemical Oxygen .Demand 




OPERATING PROCEDURES 



Calculations 
(continued) 



22^ 



STEP. SEQUENCE 



5. Multiply the difference on 

■ line 11 by "N, normality of 
FAS" on line YZ. 

6. Record the product on line 
13. 



7. Divide 8000 by "S, ml Sample 
Used" which is recorded on 
line 6, 

8. Record the answer on line 14 



9. Multiply line 13 by line 14. 



10. Record the product on line 
15; 

?- 

11. Round off the number on line 
'^15 to the nearest whole 

number of mg/ liter. 



12. Record this number on line 
16. 

13. Sign the data sheet on line 



INFORMATION/OPERATING GOAl-S/SPECIFICATIONS 



5a. Example on data sheet: 

8.55 X 0.024 = 0.2052 



6a. This has been done for the example on the data 
sheet. ' , 

7a*. Example on data sheet: 

.^ 8000 . 160 
I 50.0 '^"^ 

8a. This has been done for the example on the data 
sheet. 

9a. Example on data sheet! 

0.2052 X 16Q = 32.8320 

10a. This has been done for the example on the data 
sheet. - 

11a. 32.8320 becomes 33. 

lib. If your answer for a sample. is greater than 

50 mg/liter, you should start using the 0.250 N 
solutfons of potassium dichromate. and ferrous 
anmonium sulfate for samples from that same source. 
See the Training Guide. 

12a. This has been done for the example on the data 
sheet. 

T3a. This has been done for the exampla on the data 
sheet. 



TRAINING . 
GUIDE NOTES 



IX. J. 6. 
(p. 51) 



IX.J.8. 
(p. 51) 



IX. J. 10. 
(p. 51) 



I. J. lib. 
(p. 44) 



IX. J. 12 
(p. 51) 

IX.J.13. 
'(p. 51). 
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traintng guide 

* 


SECTION ' 


J TOPIC 


I* 


Introduction. 


II 


Educational Concepts-Mathematics 


III 


Educational' Concepts-Science 


IV 


yCQUwa tlOHa 1 ifOncepts-toirWiiunic^Lions 


V * 


Field & Laboratory Equipment 


VI* . 


FieJjErTTabbratory Reagents 


VII* ' 


.F^eia & Laboratory, Analysis 


VIII '■ 




IX* 


Records & Reports 







♦Training guide materials are presented here under the heading marked*. 
' These standardized headings are used throughout this series of procedures. 



-Page No. ,4-44 




229 



EFFLUENT MONITORING PROCEDURE : 



Determination, of Ciiemical Oxygen Demand 



Introduction 



Section I 



^TRAINING GUIDE NOTE 



REFERENCES/RESOURCES 



The Chemical Oxygen Demand (COD) Test provides an 
estimate of the proportion of sample matter' suscept- 
ible to oxidation by rigorous oxidation conditions. 
Some inorganic compounds may be oxidized but mast of 
the reaction involves organic-compounds. Thus the " 
COD Test^provides a commonly used estimate of organic 
materials in water samoles. 

The procedure described in' this EMP is for the range 
of 5 to 50 ing/liter COD one expects in treatment 
plant effluents, 'iryou ifse this EMP nroced'ire" and 
get results greater than 50 mg/liter COD, you should 
do the test in the same manner as described in the 
EMP but use more concentrated solutions (0.250 N 
instea(i 0.025 H) of potassium, dichromate^and of 
ferrous ammonium sulfate. For "B. Reagent' Prepfira- 
tion", you would not make number 6' (0.025 N potassium 
dichromate solution) nor number 9 (0.025 N ferrous 
ammonium sulfate solution). Any place in the 
procedure that refers to 0.025 N concentrations of 
either of these solutions should be read as 0.250oN. 
All other instructions and information are to be 
followed as written. 

The Test described in this instruction can be found 
in the 1974 EPA Methods Manual o;i Pagfe 21, entitled 
Chemical Oxygen Demand (Low Level). Oth^r references 
which have acceptable procedures for this test for 
NPDES purposes are: 14th ed. Standard Methods on 
page 550 and 1975 ASTM Part 31 on page 472. 



Methods for Chemical 
Analysis of Water and 
Wastes, 1-974, EPA, MDQARL 
Cincinnati , Ohio 45268 - 
p.r21. 

Standard Methods for. the 
Examination of Water and 
Wastewater, 14th ed.,' 1976, 
APHA, New York, N.Y. p. 550 

AnnCial Book of Standards, , 
Part 31, Water, 1975, .ASTM,^ 
PhilAiielphia,>PA; p., 472 
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EfftUENT HONITORiNG PROCEDURE: ^Determination of CJifimica4-4x^ 



Field and Laboratory Equipjiient 



-SBctionT 



/TRAINING GUIDE MOTE 



REFERENCES/RESOURCES 



B2.1d. . 
B3*Sb. 

FJ2b.* : 
'F.22b. 



Pa'ge/4-46 



AUTOMATIC ;DISPtNSERS:. 

Slnce^sulfuric acid causes severe burns to the skin, 
you m( • chaose to use a.glass, automatic dispenser 
(pipef to .store and measure the two reagents 
invoU .ig this aoid. Use the manufacturer's Instruc- 
tions to fill and prime the dfspenser and to make the 
initial setting of 'the d.elivery volume* Sulfuric 
'acid Vs heavier than water so this delivery volume 
must be checked. Do this by delivering the acid into 
a clean, dry groduate. Allow the acid. to "settle" 
in the graduate, then read the volume* If that 
volume is-more or less than- it should.be (see beiow), 
adijust the delivery setting '^n the dispenser accord'* 
ingly*. Then check the new* setting fqr accurate * 
;rfelivery,^usingvano,ther .clean, dry graduate. Con- 
tinue this procedur-e .until you are satisfied 'that 
If Ke delivery vplume is, accurate." ' <i 

ie final ^volumes required for the .concentrated « 
sijlfuric acid reagent are-S-raVand 20 ml so adjust. . 
aldfsp^nser to deliver 5 ml. Jher\ dispense the 5 ml 
•four times /or th^ 20' ml requirement. ' « 

TheVfihal volume required for the sulfuric acid - ^ 
silver sulfate reagent fs 7d.ml. In this 9ase,* 
adjiist a dispenser to deliver 10 ml.. Then dispense 
the 10 ml seven times for the 70 mr requirement. 



\ 




^ ^ir^B 
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rFleTd and Laboratory Recgents 



Section VI 



TRAINING GUIDE NOTE 



Lid: 



DISPOSAL OF MERCURY-CONT/flNING WASTES f 
Thess-wastes can be treated ^ to conve'rt the soluble 
mercury complexes to some insoliible .formation. 
Some refiners of mercury, are willing to accept 
•shir .»^2nts' of such precipitate? to i^ecycje*" the metal. 
Ask your City, County,. or State Pollution Control 
Agency for spacffic"itfetructions on how you are to 
dispose of COD test^ wastes. , 



REFERENCES/RESOURCES 



V 




Dean,. Williams^, Wise: 
"Disposal of Mercury 
Wastes from Water. 
Laboratories," Environmental 
Science and Technology 
Vol. 5, No. 10,, 1971. 
p. 1044 

toag and Hecker: 
'Recovery of Mercury in 
Solufions" Journal of 
Invirbnmental Quality- 
Vol. 1, N6.^2, 1972; p. 192.^ 
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EFFLUENT MONITORING PROCEDURE ; Deterniinatiotr*of Chemical Oxygen Demand 



Field and Laboratory Analysis 



Section VII 



TRAINING GUIDE NOTE 



REFERENCES/RESOURCES 



B4.1h. 
F.3a. 



\ 



BLANKS: 

You run a blank by using, distilled water instead of 
sainple water and testing that distilled water in the 
same way you test samples. By doing this, you are 
checking the COD of the di stalled water and of the 
reagents used in the test. You use the titration 
results for the 1)lank in the calculation formula to 
correct your COD values for samples. 

Some contamination is expected to show up and affect 
the titration results. However, if the blank 
requires less than 90^ of the ml of ferrous, 
ammonium sulfate solution that would be r^'quired to 
titrate a situation of "no contamination, ' it is 
a signal to you that the distilled water or reagents 
are cpntrib^tin-^ contamination and should 
checked. 

EXAMPLE - If 25.0 ml of 0.025 N potassium dichromate 
solution are used' to try to oxidize a blank con- ' 
taining no oxidizable contamination, it would take 
25.0 ml of 0.025 N ferrous ammonium sulfate solution 
to react with the remaining potassium dichromate 
during the Quantitation Titration Procedure. 90% of 
25.0 ml of FAS would be 22.5 ml. If you use less 
than 22.5 ml of FAS for two or more blanks, a check 
of the distilled water and of the reagents is 
advisable. ' 

See "B. Reagent Preparation, Procedure 4. Distilled 
Water"^for: information about checking the quality 
of distilled water '.nd about storing it. 

To check reagents, consult your laboratory records 
to see which reagent w^s made most recently. Using 
the "E. Conditioning..." Procedure; clean the glass- 
ware required and then-, prepare a fresh supply of ' 
that reagent. Use the- fresh reagent and run a blank. 
•If the blank results are still too high, you should 
purchase a new supply of the chemical to make your ' 
reagent solution. If you always puYchase reagent 
grade chemicals and take care not to contaminate 
them with dirty spatulas, etc., you should not have 
problems with "them. 
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EFaUEWT MONITORINGT PROCEDURE ; Determination of Chemical Oxygen Demand 



•Field and Laboratory Analysis 


Section. VII' 


-TRAINING GUIDE NOTE 


REFERENCES/RESOURCES 



F.8C. 

'H.12C. 



SMALLER VOLUMES OF SAMPLE FOR THE TEST: 
If you cannot titrate a 50,0 ml sample to an accept- 
able end point during "H*. Quantitation step 12," 
you will have to re-run the- test .beginning with 
"F. Oxidation of the Sample and Blank". At F. Step 
8, you will have to use less sample and then add 
distilled water to make the 50.0 ml volume. The ^ 
workable proportions can only be determined by trial 
and error. You might prepare two mixtures at this 
step such as: 

Add lO.O^ml sample, then 40 ml distilled, water to 
the flask 

Add 25.0. ml sample, then 25 ml distilled water to 
the nudkr' 

(1) Use pi pet ta measure the sample, 

(2) .llse a graduate to m^easure the^water, 

(3) /Use high quality distilled water with low COD. 
(nl-^If^you get results for both dilutions, use 

the results for the 25.0 ml sample*. 

(5) For future tests of .samples from the same 
source, at step F8 use the dilution propontions 
you found workable. 

(6) . Do not crtange the volumes of any other solutions 

in the test. The volumes as given in the EMP 
are critic^^l conditions of the test. 

(7) If you cannot titrate as low as 10.0 ml bf 
sample '(with 40 ml water added to the test 
mixture) du^Mng "H. Quantitation, step 12", 

. you will hiive to do the test t<sing the 10.0 ml 
sample and more concentrated pctassium 
dichromate and ferrous ammoni jm sulfate 
solutions (the .0.250 N solutions are used). 
See section I in the Training Guide for a 
discussion of this. 
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EFFLUENT HONITORING PROCEDURE: Determination 0/ Chemical Oxygen .Demand 



Field and Laboratory Analysis 



"Section VII 



TRAINING GUIDE NOTE 



REFERENCES/RESOURCES 



TWO HOUR OXIDATION (BOILING) PERIOD: 
Some samples contain materials that can be oxidized 
in the COD test conditions within a very shcrt time 
period. If your samples always' have the same 
materials in them, you may wamt to check them and- 
see if you' might use a shorter oxidation (boiling) 
period. Prepare two test .mixtures from the same 
sample. Boil one for two hours, boil ttie other for 
say 30 minutes. Complete the test as usual and 
calculate COD results for each. Do 6 "other such 
duplicate tests on 6 other samples. These should 
be done over a. period of time on samples collected 
from the same source over a period of time. Compare 
the results^ from the seven tested by using, the 
usual 2 hours with the results from the seven tested 
by using a shorter oxidation (boiling) period. If 
the results are the same or if they agree within + 
4 mg/liter COD,.;yqu may use the" shorter oxidation 
(boiling) time for future samples from the same ' 
source, Abput once every 10 times you perform the 
test on such samples you should check that^they 
continue to be the same composition. Do "thfs by 
preparing -a duplicate test mixture, using i two hour 
boiling period for the second mixture, and comparing 
the results for agreement as above • 



Methods for Chemical 
Analysis of Water and 
Wastes, 1974'EPA, MDQARL 
Cincinnati, OH 45268, p. 23, 



Handbook for Analytical 
Quality Control- in Water 
and Wastewater Laboratories, 
1971, EPA, MDQARL, 
Cincinnati, Ohio 45268 
p/6-K 
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Typical Laboratory Data Sheet for Chemical Oxygen Demand, mg/liter 



IX.SHEET I 



Name of Pla^t_ 



A. 5 


•"Identification 


<- 




/ 


Blank 


EFF #1 




A. 5 


TvDP farab comno^itp^ ^ 






- 




Composite 


2 


.A. 5 


Datp anrf Timp Pnl 1 prf orf 

i/a aiiu IJIilC l«V/ 1 1 Levi 










0600-1200 


3 


A. 5 


Sample Collector 










lom oampier 


4 


' F..35 


Date and Time Boiling' Began 










3/17/75 - 
1300 




F.9 


RECORD: S, ml Sample Used 










50.0 ■ 


6 


H.15 
H,22 


ml FAS * at FND of fifrAfinn 


0 






38.55 


20.00 


7li 


H.7 
H.18 


mirMo ^ at oiMKi Or titration 








15.00 


5.00 


b • 


H.23 


"A, ml FAS* used co titrate the Blank 








23.55 


23.55 




H.16 


B, ml FAS * used to titrate the Sample 










15. OO 


10 




SUBTRACT B (line 10) -from A (line (9) 










8.55 


11 


J. 4 


RECORD: N, normality of FAS * 
(Calculated on Standardization Sheet,C.29) 










0.024 


12 


J. 6 


MULTIPLY ml Difference of FAS * (line if) 
by Normality of FAS (line 12) 










0.2052 


13 . 


J. 8 


DIVIDE 8000 by S, ml Sample Used 
(See l^ne 6) 










160^ 


14 


J. 10 


MULTIPLY line 'TT'bv line 14 










32.8320 


15 


-JJ2 


ROUND OFF line 15 to the nearest 
whole number of mg/]iter 










33 


16 




Signature 










Jim Analyst 


17 

1 . T 
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CALCULATION FORMULA: COD, mg/liter = (A-B)N x 8000 

S 
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STANDARDIZATION OF FERROUS AMMONIUM SULFATE (FAS) SOLUTION 
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IX SHEET II 











Flask 1 


Duplicate 




C.31 


ml FA§ at END of titration 










i 


C.23 


ml FAS at START of titration 






14.00 


24.60 


2 

9 


C.33 


ml FAS used for Standardization 
.{SUBTRACT ir»l FA$ at START on line 2 
. from ml FAS at END on l*ne 1) 


1 


10.60 


l5.55 


3 


C.36 


DIVIDE 0.250* by the ml difference 

un line o bu d H Qcuinicti piacc answv!r* 






0.0236 

- 


4 


C.38 


Normality of the FAS solution 
(ROUNDOFF line 4 to 3 decimal places) 






0/02^ 




■ 


■ C.39 


'Date 


t 

1 1 


< 


3/17/75 


6 


C.40,^ 


Signature 


1 

1 

1 

i 

1 — " j ' ' ' 




Jtm Analyst 


7 " 



^ * From the formula: 

(10.0 ml potassium) (0.025 N potassium) 
Normality FAS « dlchromate . dichromate 

' ' ml \fas - 
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A PROTOTYPE FOR DEVELOPMENT OF 
ROUTINE OPERATIONAL PROCEDURES 



for the 



DETERMINATION OF-TOTAL KJELOAHL NITROGEN 



i 



as applied In 

WASTEWATER TREATMENT>ACILITIES 
-AND IN THE 
MONITORING OF EFFLUENT WASTEWATERS 




National Trelnlng Center ... 
Municipal Operations and Training 6l vision 
Office of Water Prograi? Operations 
U.S. Envlrownental Protection Agency 



S0i 



CH.H.EHP.lb.3.76 








i 

f 

I 






1 




- 24.C 
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EFFLUENT MONITORING PgOCEOURE: Determination of .Total Kjeldahl Nitrogen 
Th'is Operational Procedure was developed by: 



NAME 

ADDRESS 



Wnriam T. Engel ' . 

-ft 

Charles County Conwunity College 
Pa 0.> Bpx 910 
LaPlata, MSryland 20645 



POSITION Assistant Professor of Chemistry ; 

. * *• * ' »' 
EDUCATION & TECHNICAL BACKGROUND 

i 

BS - Saint Francis College, Loretto, Pennsylvania 
MS --Xavler Uijlverslty, Cincinnati, Ohio 
"6 years Instructor: 

instructor - Associate Professor (Chemistry) • 




\ ■ 
\ 



\ 



lERic; > . 



v C ... 



\ 

V 
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EFFLUENT MOfftlORING PROCEDURE: Delerrainatlon of Total Kjeldahl Nitrogen , 

S 

L Objective: ^ 

To determine the Total Kjeldahl Nitrogen content of an effluent. 

2. Description of Analysis: v 

The procedure converts nitrogen components of biological origin such as amino 
acids, proteins, and peptides to ammonia. Two. alternatives are listed for the 
determination of awnonia after distillation: the tit rimetr ic method which is 
applied to concentrations above 1 mg N/liter and the colorlmetric method 
which is applicable to concentrations below 1 mg N/liter. 

.3. Applicability of this Procedure: 

. a« Range^ of Concentration: . _ 

Colorlmetric Method - 0.03 to 1.0 mg NHg-N/liter 

Titrimetric Method - 1.0 to 25 mg NHg-M/lilter . ^ 

(The range of these methods m^ be extended for samples by dilution.) 

NOTE: A range from 0.05 tp 1400 mg NHg-N/liter is available by using 
an ammorria selective ion electrode.^ A separate EMP on thi.s 
method Is available. 

b» Pretreatment of Samples: 

The Federal Register Guidelines do not specify any pretreatment. 

c. Treatment of Interference? in Samples: • r 

The Source of Procedure* does .not note any Interferences to this 
determin^:t1on. 



♦Source af Procedure: Methods for Chemical Analysis of Water and Wastes, 1974, 
Environmental Protection Agency, Methods Development and Quality Assurance Research 
Laboratory, Cincinnati, Ofeio. page 175. 



Hi; 

^^T--^- - r- 

»^ - / 
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EFFLUENT MONITORING PROCEDURE: Determination. of Total Kjeldahl Nitrogen 



FLOW CHART 



DIGEST 



SAMPLE I . 



DISTILL 



DISTILL 



GREATER. - 
THAN l"mg/J. 
AMMONIA 



J.ESS TyAN 
Vmg/T 
AMMONIA 



TITRIMETRiC 

^^^iMETHOD . 



I 



. GREATER 
THAN 1 mg/1 
AMMONIA 
(NHa 



NESSLERIZATION 
,; METtlOD 1 



LESS THAN 

i;!iig7j 

"AMMONIA. 

.'(NH^) 



TITRIMETRIC 
METHOD 



; .- AS • - 

■TOTAL KJELDAHL 
nitrogen: (TKN) . 



NESSLERlZATiON 

^ VMETHOD- . 




• It Should be mentioned tha^ the . Apionladetenni nation listed on the right-side 
55? flw chart, fonows the same procedure, as the left sjdei from DlSfflL >dbwn 
xo ine cpmpietlon, ^ ■ ~- -, ^ 

TTie Organtc f(t^^^^^^ ^ ; ' ^ 

Organic Nitrogen «^Total KjeldahrNitr^^^ 
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EFaUENT, MONITORING PROCEDURE: Determinatfon of TotaV Kjeldahl Nitrogen 

.EquipnwHt and Supply Requirements . ^ . " • . 

* * • * * • 

A. Capitaf Equipment - Macro or Micro Oetentil nations 

' 1* Digestion Apparatus' and Distillation i^pparatus: 

'* The pieces of. equipment required to assemble a system for digestion . 
and dlstniatlon wlH differ. according \(o whether a 500 ml sample 
(macro determlnatldn) or a 50 ml sar[iple\(m1cro determination). Is 
analyzed* See the diagrams at. the end o.f\ these l^lstlngs to Identify v 
the Items required-for your choicfe of determinations.,^ 
"2. Balance, analytical, capable of wielghlng to'1).l'»mg\at q 200 g load 
3* Balance, triple beam^ capable of weighing to OJ g at a 500 g load 
, 4. Spectrophotometer for use at 400-425* nm with a light path of 1 cm or 
• ;longer ' ^ f ^ 

\ ^5. Water Still and an anipn»-cation exchans;^ system to' produce ammonia- 
free Water ' 

B. Reusable Supplies r Macro or Micro Determinations » 

NOTE: All beakers and flasks should be either Pyre)(5)or Kimai^^ 

1. One 50 mr beaker, graduated ^ ^. ^ 

" 2. One 100 ml beaker, graduated' 

' 3* Two 150 ml* beakers, graduated > 

4. One 250 iiT beaker, graduated . - 

5. One 50. mT bottle, glass with stopper 

6. Three 150 ml bottles, glass with dropper tops ' , / 
?• Oiie 500 ml bottle, glass - , * - 

. ' 8. Two 1000 ml bottles, glass with ^tops 
'9^ One 50 ml" buret , 

10; One 1 0. ml cylinder j graduated , ^ . 

IT. One too ml cylinder^ graduated - . , • . 

12. One 50Q ml cylinder,--graduated 

13. One 50^ml Er1enmeyeK flai5k, graduated ^ - ' 

14. "One 125 ml^Erlenmeyer flask,. graduated 

15. Four 1000 ml Erlefimeyer flasks, graduated 

16. Five 1000 mT volumetric flasks with stoppers 

17. Glass beads, 4 mm * 

18. Nine Nessler tubes, scored at 50 ml ' 
^19. One. Nessler , tube support ^ 

20; Two 10 ml"pipets,;Mohr, graduated' 
21. One 10 ml pi pet, volumetric 

22* One. 25 .ml pipeti volumetric ^ " 

23. One 50 ml pi pet, volwnetric 

24. One ring stand 

25. One buret holder 

26. One #3 or #6 i^ubber stopper or a cap to fit Nessler tubes 
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EFFLUErit MOMM^ of total KjeldaW Nitrogen 

c; Cortsutnable Supplies Macro qr\ Micro Determinations 

!• 4 q anmonium chloride, NH^Cl\ reagent, granular 

2. 20 g boric, acid, H3BO3, 

3. 700 ml ethyl alcohol, CgHgOH, Veageht^denatured 

4. 0>5>:g methyl orangey; in^ method) 

5. 200 mg methyl red; reaaeht (for tit^^^^ method) 

6. 200 mg !%th)clehe .blue.X for titration to^ 
7; 4 g miercuric bxlclev HgOrfea powder, red 
2. 100 g mercur ' Iodide, Hgig, 

9. 5\g phenol phth^ poWder' 
10$ ,70 g potassium louide, KI, reagent^'nowder 
•11 • 134 g potassluro su'^^ate, ^SO^. reagl^n.t powder 

12. 5 g sodiwn car reagent! powder (for titration method) anhydrous 

13;^60g^^^^ 

14. 25 g, sodium thiosu^ reagent grade 

15v 223 ml sulfur i^^^^ 

16. 14 welghiiig boats . ^ - c 

The^follbwing^reagentr m^^ be purchased commercially thus alleviating ' 
seyeral sections under reagent preparations and some of the above 
chismical requirement^ / 
' J_ - ^ / ^ ' / - , 

*1, Nessler reagent g mercuric iodide, 70 g. potassium Iodide, 

160 gisodium 'hydroxide) - 
*2, 4>henolphthalein indicator solution; 1« (SOO ml ethyl alcohol, 

5 g phenolphthalein); ' (S) - ' ' - 

*3. Olgestio^n reagent I'I.e. Ke1-PaC?^(ni;in.-Matheson)] [4 g mercuric oxide ;( red), 

lS4 g: potassium sulfate, 220 ml sulfuric acidQ 
^4. Sulfuric acid (0.02N) (5 g sodiimi carbonate, 3 ml sulfuric acid) 



♦Cdwner^ially pre|3ared, reagents m^^ in analyses for NPDES 

purppslBs if ;thfe solutions have beenf prepared: according to the 

agent rsection of the approved methods cited 1 n the Federal 
Register. .It is strongly: recownehded that be 
verifiedtby initially checking t^^^^^ a quality control check 

sample available through ^our^.R^iohal ;EPA Anal^^^ Quality 
Control Coordi'^ator (from 3/21 /75 EPA-MDQARL memo) . 
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m 



IS;- 



llflACRO KJELDAHL PETERMI^^A-! 




DIGESTION APPARATUS 
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lERic; , 



KJELDAHL 
SPRAY TRAP 



800 ml 
KJELDAHL 
FLASKH 





CONDENSER 



500 ml 
ERLENMEYER 
RECEIVING 
FLASK 



DISTILLATION APPARATUS 
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EFFLUENT HOHITORIiW.PIWCEDORE: Oet«iNtn«t1en of T9UI KJeldthl Httro^en 

MICRO KJELDAHL DETERMINATION 




DIGESTION APPARATUS 



SAFETY TUK 



.^90 ML Miner 



ID 

UENQTH 120 cm. 



SUCTION rUSK^ 
C#S340 




C#<COflMMQ 



SEPAfUVOnV 
'FUNNEL 




C0NNCC7MQ 
TUM 
C<»«763S 



ffTEAM DnrtLLATXW APPARATUS 



STEAM DISTILLATION APPARATUS 
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EFFLUENT. MONITORING PROCEDURF. ; Determination of Total* Kjeldahl Nitrogen 
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OPERATING PROCEDURES 



ERIC 



DETERMINAJIOn OF TOTAL KJELDAHL NITROGEN 



A. Equlpn^ent 
Preparation 

1. Glassware Washup 

2. Balance Inspection 

3. Spectrophotometer 
Inspection 



STEP SEQUENCE 



4. Stm Cleaning 
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INFORMATION/OPERATING GOALS/SPECIFICATIONS 



1. Clean all ijlassware in 
suitable detergent. 

1. Clean balance 

1. Clean spectrophotometer. 

2. Turn main power on by 
rotating the zelro control 
clockwise.' 

3. Select wavelength by 
rotating the knob at the 
extreme rl-ght on the top 

' of the Instrument 
either clockwise' or 
counterclockwise. 

4. Zero the Instrument. 



5. Use an empty cell and ad- 
just the light control to 
1C0% T. 

1 . Add a 1 ; I mixture of 
ammonia-free distilled 
water and sodllim. hycroxide- 
sodium thiosulfate solution 
to each of Kjeldahl flasks 
to be used. 



la. Distilled water drains without leaving any 
droplets. 

la. Free of oust and dirt. 

la. Free of ^ust and dirt. 

2a. Pilot lamp on. 

3a. 425 nm. 



4a. Meter needle reads zero % T. 



5a. To be sure that the instrument can achieve 100% T. 



la. See Equipo.i^nt and Supply Requirements Section for 
diagrams of Kjeldahl Apparatus. (Pages 5-8 & 5-9) 

lb. Glass beads should be added to each flask. 

Ic. At least 400 ml of solution should be used for 
macro equipment. Use 40 ml for micro equipment. 

Id. See B, Reagent Preparation #5. 



TRAINING 
GUIDt NOTES 



I 

(p. 36 ) 



V.A.I. la 

(p. 39) - 



V.A.3.1a 
(p. 39) 



V.A.3.4a 
(p. 39) 

V.A.3.5a 
(p. 39) 



V.A.4.1a 
(p. 39) 
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FFLUENT MONITORING PROCEHURE; Deterai nation of Total Kjeldahl Nitrogen 



OPERATING PROCEDURES 


STEP SEQUENCE 


INFORMATION/OPERATING GOALS/SPECIFICATIONS 


TRAINING 
GUIDE NOTES 


A. Equlpmer-: 
Preparation 
'(continued) 


2. Using' the appropriate 
apparatus, distill half of 
this solution. 

3. Add 1 ml of Nessler'a 
Reagent to the distillate. 


2a. The distillate should be checked colorlmetrlcally 
to Insure that It Is ammonia-free. The Nessler 
reagent that Is used for the ammonia determination 
can be used at this point, (Reagent #15) 

3a, If the distillate remains colorless, the glassware 
Is not contaminated with ammonia. If the dis- 
tillate turns yellow, distill another hajf and 
repeat step 3, 


< 


Reagent Preparation 
1. Distilled Water 

Z. Sulfuric Acic 
Solution {20% by 
volume) 

3, Mercuric Sulfate 
Solution 

250 


1, Prepare at least four (4) 
liters of distilled water, 
THIs water should be free 
from ammoiila, 

1- Measure 50 ml of distilled 
water 1ft a 125 ml 
Erlenmeyer flask, 

2, Add 20 ml of concentrated 
sulfuric acid (HpSO,) and 
mix, ^ ^ 

3, Dilute the solution to > 
100 ml, 

1. Weigh 4 grams of red 
mercuric oxide (HgO) In a 

, weigning boat, 

2, Dissolve the mercuric oxide 
In 25 ml of the Z\)% sul- 
furic acid solution. 


la. All solutions must be made with ammonia-free 
water. It Is best to have an Ion exchange 
system In conjunction with a suitable water still 
to insure high quality water. An anion-catlon 
exchange resin should be used, 

la. Tills solution 1s used In Reagent Preparation #3, 

2a, Flask should be tilted to avoid splattering, 
2b. Solution may be diluted directly In the Erlenmeyer 
flask, 

la. This solution Is used In Reagent Preparation #4, 
2a, A 100 ml beaker may be used. 


VLB 
(p. 40) 
VLB. 1.1a 
(p. 40) 
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.EFFLUENT HONITORING PROCEDURF: Determination of Total Kjeldahl N^ltrogen 
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OPERATING PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



Reagent Preparation 
(continued) 

4. Digestion -Reagent 



5. Sodium Hydroxide- 
Sodium Thiosul- 
fate Solution 
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3. Dilute the solution to 
50 ml with distilled water. 

1. Weigh 134 grams of potas- 
sium sulfate (KgSO^). 

2. Add 650 ml of distilled 
water to a 1 liter 
Erlenmeyer flask. 

3. Add 200 ml of concentrated 
sulfuric add (Hi,SO-) and 
mix. ^ ^ 



Dissolve the potassium 
sulfate In this solution. 

Add 25 ml of the mercuric 
sulfate solution (reagent 
3) to the solution and 
mix. 

Dilute the solution to 1 
liter. 



1. We'lgh 500 grams of sodium 
hydroxide (NaOIl) and 25 
grams of sodium thiosul- 
fate pentahydrate 
(NagSgOg-SHgO) In a 1 

liter Erlenmeyer flask. 



la. A 150 jt;1 beaker Is suitable for this weighing. 



3a. Erlenmeyer flask should ue tilted to avoid 
splattering. > 

3b. Caution: \Solut1on and flask tend to become warm. 
A cold waier bath may be used to keep the tempera^ 
ture down. 



6a. Store in ^lass cont-ainer. 

6b. The solution should be kept at about N'^C to 

prevent crjjgtallization. 
6c. If crystals fdrm, warm the solution in the flask 

on a hot plate and stir/swirl to re-dissolve the 

crystals 

la. Exercise caution with such a large amount of 
SQdium hydroxide since this is a very caustic 
substance. 

lb. Double check for, pyrex glassware. 
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EFFLUENT MONITORING PROCEDURF ; Determination of Total l^eldahl Nitrogen 



OPERATING PROCEDURES' 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



2a .\ Fumes will be given off. Therefore use a suitabli 
Wenting device. 



3a. Cool to room, temperature before diluting to 
fifial volume. 



GUIDE NOTES 



B. Reagent Preparation 
(continued) 



6. Phenolphthalein 
Indicator 
Solution (0.5%) 



7. Methyl Red 
Indicator 
Solution (0.2%) 



8. Methylene Blue 
Indicator 
Solution (0.2%) 
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'2. Add approximately 700 ml 
of distilled water and 
dissolve the reagents. 

3. Dilute to 1 liter with 
distilled water. 

1. Weigh 5 grams of phenolph 
thalein in a weighing boat. 

2. Dissolve in 500 ml of 95% 
ethyl alcohol in a glass 
bbttle or container. 

3. Add 0.02 M NaOH until a 
faint pink color appears. ^ 



4. Store in a glass or p** .tic 
bottle. 

1. Weigh 200 mg of methyl red 
indicator in a 150 ml 
beaker. 

Add 100 ml of 95% ethyl 
alcohol and dissolve .the 
indicator. 

1. Weigh 200 mg of .methylene 
blue indicator in a 150 ml 
beaker. 

2. Add 100 ml of 95% ethyl 
alcohol and dissolve the 
indicator. 



3a. Dissolve ^.4 g NaOH in 500 ml of ammonia-free 
distilled Wter to make. 0.02 N NaOH. Very exact 
weighing iS\^not necessary. 

\ 



2a. This solution will bk used to prepare #9, mixed 
indicator which is required for the titrimetric 
method to determine ammohia. 

• \ , 



2a. This solution will be used to 
indicator. 



prepare #9, mixed 
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" EFFLUENT MONITORING PROCEDURE ; .Determination of Total Kjeldahl Nitrogen 
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OPERATING PROCEDURES 


STEP SEQUE.JCE 


JNFORMATION/OPERATING GOALS/SPECIFICATIONS 


TRAINING 
GUIDE NOTES 


B, Reagent Preparation 
(continued) 










'9. Mixed Indicator 


1; 

ft 


Mix 100 ml of the methyl 
indicator solution with.50 
ml of the methylene- blue 
indicator solution. 


la. The mixed indicator is required for the tftrimet- 
ric method to determine ammonia. 

lb Th^Q Qnl*j'f4nn QhniilH ho nv*onrkv*nH ^¥*Aeh ^\iAv*\t 

• 30 days. 


• 


10. Methyl Orange 

' Indicator. Sal utibn 


-l.-^eigh 100 mg of methyl 
orange irfdicator in a 
150 ml beaker. 


la. iMia iMuiLatur la rc^uircu Tor tne titrimetriC 
method to determine ammonia. « 


— ---^--^1 




2. 


Add. 100 ml ammonia-frek 
ulStiiieu water. 








3. 


Stir to dt^solv^ the 
indicator. 


Tf^ fhp cnliif "inn -ic rlmiHv -P^l-fAv* A*- 
. 11 LMC aUIULIUil 1 5> C IQUUyy Tllter It. 




• 


4. 


Store in a 150 ml glass 
bottle with dropper top. 


> 




11. Boric Acid 
Solution 


1. 


Weigh 20 arams of boric 
acid (H^BO^) in a weighing 
boat. ^ ^ 






\ 


2. 


Transfer to a 1 liter- 
Erlenmeyer flask and 
dilute the acid ^to 1 liter. 






12. Ammonium Chloride 
Stock solution 


. 1. 


Weigh 3.819 grams of 
ammonium chloride (NH^Cl) 
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in a weighing bbat. 
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B. Reagent Preparation 
(continued) 



ERIC 



STEP SEQUE^ 



13. Ammonium Chloride 
Standard Solution 



14. Sodium Hydroxide 
• Solution 



15. Nessler Reagent 
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2. Dissolve the ammonium 
chloride in ammonia- 
free; distilled water 

in a 1 liter volumetric 
flask. 

3. Dilute to 1 liter. 

1. Dilute 10.0 ml of the 
stock solution to 
1 liter in a voluwtric 
flask'. 

1. Weigh 160 grams of sodium 
hydroxide (NaOH) in a 

1 liter Erlenmsyer flask. 

2. Add 500 ml of ammonia- 
free, distilled water. 

3. Dissolve the sodium 
hydroxide, ana cool to 
room temperature. 

1. Weiqb 100 grams of 
nerc^Tic iodide (Hglg) 

and 70 grams of 
potassium iodide (KI) 
together In a 250 ml 
beaker. 



INFORMATION/OPEfWTING GOALS/SPECIFICATIONS 



3a. 1 ml - 1.0 mg. Ammonia Nitrogen (NH3-N). 

la. Use a volumetric pipet. 

lb. 1 ml - O.ol mg ammonia nitrogen (NH^-^). 



la. This solutionis used in Reagent Preparation #15 
which is required fov" the colorimetric (Nessler) 
method to determine ammonia. 



TRAINING 
GUIDE NOTES 
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OPERATING PROCEDURES 


STEP SEQUENCE 


" INFORMATION/OPERATING GOALS/SPECIFICATIONS 


TRAINING 
GUIDE NOTES 


B, Reagent Preparation 
(continued) 


2. Add enough distilled 
water to dissolve the 
mixture. 


2a. Approximately 50 ml should be sufficient. 






3. Add this mixture slowly 
with stirring to the 
sodium hydroxide solution 
(#14). 








4. Dilute the mixture to 
1 liter. 


4a. The solution is stable for at least one year in a 
pyrex bottle out of direct sunlight. 




C. Preparation and 
Standardization of 
0.02 N Sulfuric Acid 
Titrant 




Ca. This entire procedure is required only if you are 

using the titr^metric method to determine 
^ ammonia. 




1. Sulfuric Acid, 
Approximately 
0.1 N 


1 . Add 3 ml of concentrated 
sulfuric acid (HgSO^) to 

600 ml of carbon dioxide- 
free water in a 1 liter 
volumetric flii^k 

2. Dilute this solution to 
1 liter. 


la. Heat 2 liters of distilled water for 15 minutes to 
drive off the carbon dioxide (COg). 




2. Sulfuric Acid, 
' Approximately 
0.02 N 


1. Dilute 200 ml of the 0.1 N 
sulfuric acid solution to 
1 liter in a volumetric 
tflask. 


- 


( 

Pfil 
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OPERATING PROCEDURtS 



C. Preparation and . 
Standardization of 
0.02 N Sulfuric Acid 

___IitJCdiilLXcontlnued)-- 



3. Sodium Carbonate 
Standard, 
0.0200 N 



STEP SEQUENCE 



Standardization of 
the Sulfuric Acid 
Solution 



1. Dry 5 grams of sodium 
carbonate (NagCO^) at 

140^C for 2 hourSe 

2. Cool in a desiccator. 

3. Weigh 1 .060 grams in a 
weighing boat. 

4. Transfer to 1 liter 
volumetric flask. 

5. Dissolve the salt and 
dilute to 1 liter with 
carbon dioxide-tree wattr. 

1. Fill a 50 ml buret with 
approximately 0.02 N 
sulfuric acid solution. 

2. Transfer 25.0 ml of the 
sodium carbonate solution 
to a 125 ml Erlt:i:n?*>ver 
flask. 

3. Add 2 drops of a methyl 
orange Indicator to the 
flask. 
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INFORMATION/OPERATING GOALS/SPECIFICATIONS 



2a. Thirty minutes is recommended. 
3a. Use the analytical balance. 



5a. See C.l.la for preparation of carbon dioxide 
> free water* 



2a. Transfer with 25.0 ml volumetric pipet. 
2b. A beaker may be used, if a magnetic stirrer 
is available. 



TRAINING 
GUIDE NOTES 
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1 , OPERATING PROCEDURES 


\ 

STEP sequence' 


INFORMATION/OPERATING GOALS/SPECIFICATIONS 


TRAINING 
GUIDE NOTES 


:^ t. Preparation and 
r Standardization of 

0.02 N Sulfuric Aci^J 
^ Titrant (continued) 

i 

i 
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4. Add the approximately 
0.02 N sulfuric acid 
solution to the sodium 
carbonate solution until 
the color changes from 
yellow to orange < 

5. Record the ml of sulfuric 
acid used. 

6. Calculate the normality of 
the sulfuric acid titrant. 

7. Record the correct normal- 
I \*j uii trie btoraye uOLtie* 


4a. A pink color indicates the titration has gone too 
far and should be repeated. 

6a. Example Calculation 

If the number of ml used is 20.8, the 
calculati is would be as follows: 

y 

''HgSO^ = "NagCOg X ^NagCOg 
V 

^HgSO^ 

\S0^ « 0.0200 N X 25.0 
^ ^ ^ Jo. 6 

«*• 

\S0. = 0.500 
^ ^ 26:6" 

'^HjSO^ = 0.0240 N 

7a. For example, the above 0.0240 N value should be 
reco"ded on the stc-age bottle for the sulfuric 
acid titrant. 


265 


,• 

ERIC • 


.r 


1 

• • 



EFFLUENT MONITORING PROCEDURR": Determination of Total Kjeldahl Nitrogen 



ERIC 



OPERATING PROCEDURES 



D. Analysis Using Macro 
Apparatus (800 ml 

H^^) 



See Procedure E for 
Analysis Using Micro 
Apparatus (100 ml 
Flasks), page 23 

1 . Measurement of 
Sample 
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STEP SEQUENCE 



Place a measured amount of 
well-shaken sample into an 
800 ml Kjeldahl flask. 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



2, If the sample size is less 
than 500 ml , dilute to 500 
ml with distilled water. 

3. Add several glass beads. 



D.a. See diagrams of Macro Apparatus in the Section on 
Equipment and SuppTy Requirements, (Page j^l. 



la. Sample size can be determined from the following 
table: 



Kjeldahl Nitrogen 
in J.cTiple; mq/liter 



Sample Size 
ml 



0-5 
5-10 
10-20 
20-50 
50-500 



500 

250 

100 . 
50.0 
25.0 



lb. 



Ic. 



A normal effluent should have an organic nitrogen 
concentration between (0) and (1) mg/liter. If 
it is known that the concentration is greater than 
1 mq/liter, the sample volume should be adjusted 
appropriately. 

Record information about the sample and the "ml 
sample used" on an appropriate data sheet, ^ee 
Training Guide. 



2a. Use a graduated cylinder to measure the 
difference in volume. 



3a, Glass beads should prevent bumping in the flask. 



TRAINING 
GUIDE NOTES 



IX.D.lJc, 
(p. 41) 
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OPERATING PROCEDURES 


STEP SEQUENCE 


INFORMATION/OPERATING GOALS/SPECIFICATIONS 


TRAINING 
GUIDE NOTES ' 


D. Analysis Using Macro 
Apparatus (800 ml 
; , Flasks) (continued) 

2.. Reagent Addition 

3. Digestion 

* 

4. Distillation 

r» r» o 
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1. Add 100 ml of the diges- 
tion reagent to the flask. 

1. Evaporate the :.iixture in 
the Kjeldahl apparatus 
until sulfur trioxide 
(SO3) fumes are given off 

and the solution turns 
pale yellow. 

2. Continue heating for 30 
additional minutes. 

3. Cool the residue. 

1. Add 300 ml of ammonia- 
free, distilled water to 
the digest i mixture in 
the Kjeldahl flask. 

2. Add 0.5 ml of the 
phenolphthalein 
indicator solution. 


t 

la. Use a graduated cylinder for the digestion 

reagent prepared in B.4. 
lb. If commercially available packets are used, then 

1 packet (for macro Kjeldahl digestions) would be 

added in place of the reagent. 

la. See diagram in Section on Equipment and Supply 
Requirements for proper position in digestion 
rack. (Page 5-8) 

lb. SOjfumes will be indicated when white smoke begins 

rising from the solution. 
Ic. Sulfur trioxide (SO3) fumes are extremely toxic. 

Therefore, extreme caution should be observed. 

• 


\ 
\ 

VLD.2.1a \ 
(P.40) ^ \ 
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OPERATING Procedures 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



D. Analysis Using Macro 
Apparatus (800 iiiT 
Flasks) (continued) 



■a 
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3. Add 50 ml of the 2% boric 
acid^toj 500 ml 
ErVerimeyer receTvi ng~~ 
flask. 



4. Position the Erlenmeyer 
flask so that the tip of 
the condenser (or an ex- 

V tension of the condenser 
tip) is below the level of 
the boric acid solution in 
the receiving flask. (See 
diagram next to Step^6 
below) 

5. Tilt the flask and care- 
fully add 100 ml of the 
sodium hydroxide- 
thiosulfate solution to 
form an alkaline layer at 
the bottom of the flask. 
{Sep diagram at right). 



3a. 



Before using the flask, measure 350 ml of ammonia- 
free di<'"nied water in a graduate, pour it into 
the flasK and make a mark at 350 ml on. ttie out- 
side. You will need this marking for a later 
step. 



KJELDAHL FLmSK 




SODIUM HYDROXIDE- 
SODIUM THIOSULFATE 
SOLUTION 



ALKALINE LAYER 



5a. The lower layer shou"Jd be red. 

5b. Do not agitate the digestion flask until 'it is 
connected to the distillation apparatus^ since 
free amnonia may be liberated too soon. 
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OPERATING PROCEDURES 



D. Analysis Us inn Macro 
Apparatus (800 ml 
Flasks) (continued) 
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STEP SEQUENCE 



6. Connect the Kjeldahl flask 
^to the condenser, (See 
diagram at right) 



7, Turn on the heat source, 

8, Distill up to the 350 ml 
mark on the Erlenmeyer 
flask at the rate of 

6-10 ml/min into the boric 
acid solution, 

9, Remove tlie receiving flask. 

10, Put^a small beaker under 
the condenser tip, 

11, Remove the heat source. 



i INFORMATION/OPERATING GOALS/SPECIFICATIONS 



KJELDAHL 
• SPRAY TRAP 




lOa, To receive any additional distillate, 
11a. To stop the distillation. 



TRAINING 
GUIDE NOTES 
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IfERATING PROCEDURES 



D. ^<\nalysis Using Macro 
Apparatus (800 ml 
Flasks) (continued) 

\ 
\ 

5. Determining 
Anmcnia 



E, Analysis Using Micro 
Apparatus (100 ml 
Flasks) 

1. Measurement of 
Sample 
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STEP SEQUENCE 



12. Dilute the distillate to 
500 ml by adding amnonia- 
free distilled water up 
to the 500 ml mark on the 
flask. 

1. -If the sample is a normal 

effluent, the anticipated 
nitrogen concentration of 
0-1 mg/liter requires the 
Colorimetric Method 
presented as Procedure F. 

2. If it is known that the 
nitrogen concentration is 
greater than 1 mg/liter, 

, use the Titrimetric 
Method presented as 
Procedure G. 



1. Place a measured amount of 
well-shaken sample into a 
100 ml Kjeldahl flask. 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



12a. Record 500 ml on the data sheet as "B. ml total 
distillate, including boric acid (H,BO,) and 
dilution water." ^ 



Ea. See diagram of Micro Apparatus in the Section on 
Equipment anJ Supply Requirements. (Page 5-9) 



la. Sample size can be determined from the following 
table: 



Kjeldahl Nitrogen 
in Sample; mg/l 
0-5 
5-10 
10-20 
20-50 
50-500 



Sample Size 
ml 
50 
25 
10 

5 

2 



(continued) 



, TRAINING 
GUIDE NOTES 



IX. D. 4.12a 
(p. 41) 
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OPERATING PROCEDURES 


STEP SEQUENCE - 


INFORMATION/OPERATING GOALS/SPECIFICATIONS 


TRAINING 
GUJDE NOTES 


E. Analysis Using Micro 
Apparatus (TOO ml 
Flasks): (continued) 


2. If sample size Is less 
than 50 ml , dilute to 
50 ml with distilled 
water. 

3. Ad: several glass beads. 


lb. A normal effluent should have an organic nitrogen 
concentration between (0) and (1) mg/1 . If it is 
known that the concentration is greater than 
1 mg/1, the sample volume should be adjusted 
appropriately. 

Ic. Record information about the sample and the "ml 
sample used" on an appropriate data sheet. See 
Train^ing Guide. 

2a. Use a graduated cylinder to measure the 
difference in volume. 

3a. Glass beads should prevent t)ump1ng in the flask. 


IX. E. 1.1c 
(p. 41) 


2. Reagent Addition 


1. Adti 10 ml of the digestion 
reagent to the flask. 


la. Use a graduated cylinder for 'the, digestion 

reagent prepared in B.4. ' /.? 
lb. If commercially available packets are used, then 
1 packet (for micro Kjeldahl digestion) would be 
" added in place of the reagept. . 


I/I. E. 2. la 
(p. 40) 


3. Digestion 


1. Evaporate the mixture in 
Kjeldahl apparatus until 
sulfur trioxide (SOj) 

fumes are - ^en off anc^ 
the solut' • turns pale 
yellow. 


la. See diagram in Section on Equipment and Supply 
Requirements for proper position in digestion 
rack, (page 5-9) 

lb. SOj fumes will be indicated when white smoke 

begins rising from the solution, 
iv. ou 1 1 uf triuAiuc ^ou^/ Tuntcb are extremely xoxic. 

Therefore extreme caution should be observed. 




276 


2. Continue heating for an 
additional 30 minutes. 






3. Cool the residue. 
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OPERATING PROCEDURES 



E. Analysis Using Micro 
Apparatus (100 ml 
Flasks) (continued) 



4. Steam Distillation 



2:s 



STEP SEQUENCE 



1. Add 30 ml of ammonia-free 
distilled water to the 
digested mixture in the 
Kjeldahl flask. 

2. Add 2 drops of the 
phenolphthalein indicator 
solution. 

3. Connect the Kjeldahl flask 
to the ground glass joint 
of the Micro steam 
distillation apparatus. 

4. Add 5 ml of the 1% boric 
acid to a 50 ml Erlenmeyer 
receiving fla^ki- 



5. Position the receiving 
flask so that the .ip of 
the condenser (or an 
extension of the condenser 
tip) is below the level of 
the boric acid solution in 
the receiving flask. 

6. Carefully add 10 ml of the 
sodium hydroxide- 
thiosulfate solution from 
the dropping funnel. 

7. Turn on the heat source. 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



3a. Diagrams of this apparatus are in the section-on 
Equipmen. and Supply Requirements, (page 5-9) - 



4a. A 50 ml short-form Nessler tube also may be used, 
4b. Before using the flask or- Nessler tube, measure 
35 ml of ammonia-free distilled water in a 
greduate, pour it into the receiving container 
and make a mark at 35 ml on the outside. You 
will need this marking for a later step. 



6a. The mixture in the Kjeldahl flask should be red. 



TRAINING 
GUIDE NOTES 
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OPERATING PROCEDURES 



E. Analysis Using Micro 
Apparatus (100 ml 
Flasks) (continued) 



9^ 



5. Determining 
Ammonia 



STEP SEQUENCE 



ERLC 



F. Colorimetric Method 

1 . Color Development 
of Standards and 
Sample 

280 



8. Distill up to the 35 ml 
mark on the receiving 
flask ^t the rate of 6-10 
ml/min, into the boric 
acid solution. " - 

9. Remove the receiving flask 

10. Put a small beaker under 
the condenser tip. 

11. Remove the heat source. 

12. Dilute the distillate to 
50 ml by adding ammonia- 
free distilled water up 

^*'to the 50 ml mark on the 
lessler tube. 

1. If the sample is a normal 
effluent, the anticipated 
nitrrqen concentration of 
0-1 mg/liter requires the 
Colorimetric Method 
presented as Procedure F. 

2. If it. is known that, the 
nitrogen concentration is 
greater than 1 mg/liter, 
use the Titrimetric Method 
presented as Procedure G. 



1. Place. nine Nessler tubes in 
the Nessler support rack. 

2. Label the tubes (1-9). 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



8a. Exercise caution when working with this steam 
apparatus. 



9a. If an Erlenmeyer receiver was used, transfer the 

distillate to a 50 ml Nessler Tube now. 
10a. To receive any additional distinate^ 



11a. To stop the distillation. 

12a. Record 50 ml on the data sheet as "B. ml total 

distillate, including boric acid (H^BO^) and 
^ dilution water." ^ ^ 



TRAINING 
GUIDE NOTES 



2a. Use small stick-on labels. 



IX. E. 4. 12a 
(p. 41) 
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OPERATING PROCEDURES 



STEP SEQUENCE 



INFORMATION/ OPERATING GOALS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



F. Colorimetric Method 
(continued) 
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3. The Nessler tubes will be 
uaed for preparing the 
standards for the 
determination. The table 
on the right lists the 
volumes of standard 
ammonia solution to be 
added to each tube. The 
volumes of standard should 
be measured with a Mohr 
pi pet. 



4, Add ammonia-free distilled 
water to each tube, di- . 
luting each to the 50 ml " 
line. 

5, Into tube #9 place 50 ml 
of the sample taken from 
the receiving flask con- 
taining distillate. 



3a, 



TuDe # 


ml of standard 
Anmonic Solution 


mg of Ammonia 
Nitrogen per 50.0 ml 


1 


0.0 


0.0 


2 


0.5 


0.005 


3 


1.0 


0.010 


4 


2.C 


0.020 


5 


4.0 


0.040 


6 


5.0 


O.ObO 


7 


8.0 


0.080 


8 


10.0 


0.10 



5a, If Macrq, apparatus was used, p; .t the distillate 
from D,4,12 into tube #9 up to the 50,0 ml mark, 

5b, If Micro apparatus, was used, the distill^ate was 

" either collected in a 50 ml Nessler tube or 
else transferred to one after distillation. 
The distillate was diluted to 50 ml in 
step E,4,12. Label this Nessler tube as #9 
for these steps. 

5c, In either case, record 50 ml on the data sheet 
as "C, ml distillate taken for Nesslerlzatlon, " 



fix,; 



1,5c 
1) 
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OPERATING PROCEDURES 



F. Colorimetric Method 
(continued) 



2, Spect.rophoto- 
metric 
MeasSrenjents 



STEP SEQUENCE 



6. Add 1 ml of Nessler 
Reagent to each standard 
and sample. 

7. Mix the'VoliTtibn By 

ing a cap on the tube and 
inverting three times. 



Plade the tubes back into 
the rack and let sit for 
20 minutes, 

Arrange 9 spectrophoto-' 
metric tubes (1/2") in a 
test tube rack and label 
1-9. 



2. After the twenty »Tiinute 
time span, transfer che 
appropriate standards and 
sample to these tubes. 

3. Place tube (#1) in the 
sample holder of the 

instrumen t ^ 

4. Using the light contr;>/^ 
turn t' a knob until 

the meter needle reads 
100% ori the transmittance 
(T) scale. 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



6a. Use a Mohr Pipet. 



7a.~~A"#3 or a SS" rubber stopper may be used instead of 

a cap^ ^ _ . _ ..... 

7b. Rinse and dry ^he cap or stopper afterseach use 
with a tube. ^ 

8a. During this time span, the spectrophotometer 
should be double checked for proper operation, 
(see Spectrophotometric Inspection in A. 3.) 

la. If you do not have a matched set of tubes for your 
spectrophotometer, a single tube can be used. It 
should be r-^nsed'with distilled water, then with 
the solution to be put into the instrument. The 
procedure is presented in the EMP, "Use of a 
Spectrophotometer" . 



3a. The wavelength should be set at 425 nm. 



TRAINING 
GUIDE NOTES 



285 



.'EFFLUENT MONI TORING PROCEDURF t , Determlnatlnn of Total Kjeldahl Nitrogen 



OPERATING PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



F. Coloritnetric Method 
(continued) 
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5. Place tube #2 In the 
sample holder and record 
the absorbance value. 



Place tubes #3 through #9 
in the sample holder, 
recording each absorbance 
value. 




5a. This value will be found on the bottom scale as 
shown below. - 



% irtANSMrrrANCEf+ff+ffW 



ABSORBANCE W 



>2.0 



100 



Hf+; niiiiinn ii nii i 

0.3 0 



For example the transmittance was 50%, the 
absorbance should be recorded as 0.3 A. 



6a 



Values should be recorded in a notebook or on an 

ci, r5Pu2Pr^**® 5*'^^*- See Training Guide. 
6b. EXAMPLE RECORD OF ABSORBANCE VALUES 



Tube # Concentration 
. (mg NH3-N/50.O ml) 



Absorbance 



1 DTO X0~ 

2 0.005 0.04 

3 0.010 0.08 
t 0.020 0.16 
5 0.040 0.32 
5 ' 0.050 0.41 

7 0.080 0.64 

8 ■ 0.10 0.82 

9 To be determined from 0.52 
calibration curve . 



IX. F. 2. 6a 
(p. 42) - 
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OPERATING PROCEDURES 



STE^ SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRACING 
GUIDE NOTES 



F. Colorimetric Method 
(Continued) - 

3. Plotting and use 
of the calibration 
curve. 



2. 




\ 

Plot the absofbance values 
for the standards obtained 
in F2. above v\. the 
concentration of ammonia 
nitroqen in the ^standards 
as in the Table in 
F. 1.3. 3a. \^ 

Draw the best straight line 
through all the points to 
produce a calibratioh 
curve. 

\ 

Use the absorbance value 
for the sample (Tube #9) 
obtained^in F.2.6.6b. above 
^0 draw' a dotted line from 
the absorbance line over 
to the calfbration curve. 



4. From that point on the 
calibration curve, draw a- 
perpendicular line down to 
the concentration line. 



la. Following, below, there is an example calibration 
curve using the example absorbances from the 
table in F.2.6b above vs the concentration of 
ammonia nitrogen in the standards as in the Table 
in' F. 1.3. 3a. The absorbance value used for the 
sample is 0.52. 
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SAMPLE (TUBE #9) 
^ABSOR&ANCE=0.52 
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ICONCENTRATiON OF SAMPLE 
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^0.063 m0 NH3-N/50.0mll 
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.01 .02 , .03 .04 .05 ..06 .07 .08 .09 .10 

CONCENTRATION 
(mg NH3-N/50.0ml) 289 



EFFLUENT HOWITORiNG -PROCEDURF: Detennination of Total Kjeldahl Nitrogen 



OPERATING PROCEDURES' 



F. Colorimetric Method 
(cDntiriuad) 



Final Calculation 
for Macro Analysis 
(See next proce- 
dure, #5, for 
Final Calculation 
for Micro Analysis 



STEP SEQUENCE 
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5. Record the concentration 
. value at this point for 
sample as tng NH--N/50.0nil 

1. Using the formula at the 
right, compute the Total 
Kjeldahl Nitrogen ^ 
concentration. 



I NFORMAT I ON/OPERAT I NG GOALS/SPEC I F I CAT I ONS 



TRAINING 
GUIDE NOTES 



5a. Record this on the data sheet as "A, mg NH,-N/50 0 
ml from curve. ", ^ 

5b. In this example", ""the concentration for the sample 
i^s 0.063 mg NH3-Ny50jariT\^ , ^/ 

la. TKN, mg/1 = A X l(ioo B 
ml saifiple C" 



Where: 

A = mg NH3-N (ammonia nitrogen)/50.0 ml from curve 

B = ml total distillate,, including boric acid 
(HjBO^) and, dilution water 

C = irdiTtillate taken for Nesslerization 

ml sample = ml of original sample taken 

An exampl? calculation using a value from a 
calibration curve would be: 

TKN, mg/1 =^AX_ipOO „ B 
ml sample T 

A = 0.044 

B = 500 ml (300 ml distillate + 50 ml boric acid + 
150 ml dilution water) 

C = 50 ml 

ml sample = 500 ml 

2 lo' 
TKM, mg/1 = MMXTM x & 



TKN 



1 

= 0.044 X 2 X 10 
= 0.044 X 20 
= 0.88 
0.88 mg/l 



1 



IX. F. 3. 5a 
(p. 41) 
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OPERATING PROCEDURES 



F. Colorimetric^^thod 
(continued) 

5. Final Calculation 
for Micro Analysis 
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ERJC m 



STEP SEQUENCE 



1. Using the fonmila at the 
right, compute the Total 
Kjeldahl Nitrogen 
concentration. 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



la. TKN, mg/1 = AX 1000 ^ B 
ml sample • t 

Where: 



0 



'A = mg NHj-fi "(amnonia nitrogen)/50.0 ml from curve 

B = ml total distillate, including boric acid 
• (H3BO3) and dilution water 

C « ml distil late 'taken for Nesslerlzatlon 

ml sample = ml of original sample taken 

An example calculation using a value from a 
calibration curve would be: 

TKN, tng/1 = A X 1000 „ B 
ml sample C 

A = 0.045 

B » 50 ml (30 ml- distillate + 5 jnl boric. acid + 

" + 15 ml dilution water) 
C = 50 ml 

ml sample = 50 ml 



20 

TKN, mg/1 = 0.045 X 7^00 ^ 

1 

» 0.045 X 20 X 1 
= 0.045 X 20 
= 0.90' " 
TKN = 0.90 mg/1 



TRAINING 
CUIDE NOTES 



\ 
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OPERATING PROCEDURES 



G. Titii'imetric Method 



. 1.. titration 

* 9 



g. Calculations 
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STEP SEQUENCE 



1 . Transfer the contents of 
the distillate receiving 
flask (from D.4.12.or 
E.4J2)to the next 
largest volume Erlenmeyer 
titration flask. 

2. Add 3 drops' of mixed 
indicator to the flask 
and its contents. 

3. Set up a buret for 
titration. 

4. Fill the buret with a ^ ^ 
0.020 N sulfuric acid 

HgSO^ )_standard_sol u ti 

5. Add the sulfuric acid 
titrant unti] the color of 
the solution changes from 
green to purple. 

1. The Total Kjeldahl Nitro- 
gen (TKN) would be calcu- 
lated by the formula to 
the right. 



INFORMJJION/OPEPJ\TING GOALS/SPECIFICATIONS 



TRAINING ' ' 
GUIDE NOTES 



2a. If airmonla nUrogen is" present .the .color of the 
solution win be green. 



3a. Use a 50 ml ouret. 



5a. A blank can be analyzed also, so that the true 

color can be seen. 
5b. A blank contains all necessary reagents except 

distilled water Is substituted for the sample; 



la. TKN mg/1 



(A-B)N X F X 1000 

s 



A = ml of standard HgSO^ used In titrating sample 

B » ml of standard HgSO^ used In titrating blank 

N = normality of sulfuric uld (Procedure, C.) 
F " 14 (the inl 11 equivalent weight of nitnbgen) 
S « ml of sample digested ^ 

If the Normality (N) of the Sulfuric Acid Is 
exactly ^0.020 N then the formula may be reduced to 
TKN mg/1 « (A-B) X 280 \\ ~ 

where A, B, S, refer to the sd(ne terms as above. 
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OPERATING PROCEDURES 


STEP SEQUENCE 


INFORMATION/OPERATING GOALS/SPECIFICATIONS 


TRAINING 
GUIDE NOTES 


f: G^ Tltrimetlrlc Method 
(continued) 

;^ » * 


2. Given the following 
sample data, the compu- 
tation would be made as 
shown at the^ right. 

A ='l9.2 ml 


2a- EXAMPLE CALCULATION: ^ 

TKN, mg/1 = (A-B)N X F X 1000 

^ S ^ 

= (19.2 - ^.4) X 0.021 X 14 X fOOO 

— 4 : m 2 - ^ 




t 1 
t * 


B-^0T4-ml 

N = 0.021 
F = 14 

N 


^ = 18.8 X 0.021 X 14 X 7000 

m • 

= 18.8 X 0.021 X 14 X 2 *, , ' 
= 18.8 X 0.021 X 28 
= 18.8 X 0,588 
= 11.1 mg/1 
TKN, mg/1 =11.1 mg/1 


. .V: 


" 29G 

r.- • 


* 

< 

• 


* 

• • /■ • . 
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'IX* 
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INTRODUCTION 



Section I 



TWINING 



GUIDE NOTE 



Nitrogen-has -long-been^tecognl zed as ji very im- 
portant element in regard to pollution control" 
analysis. Nitrogen can exist in several forms. 
These~forms-are-reUted-bylwhat-i5-call^<* t he- 
nitrogen cycle (shown below). 



^^^^^^^ 



REFERENCES/RESOURCES 



Chemistry for Sanitary 
Ingl neer s , -Sawyer and" 
McCarty, 2nd Edition. 

l06r^w-Hmr4Wi 



r- _ 




THE NITROGEN CYCLE 



EFHUENT HOHITORINQ PROCEDURE ! Determination of Total Kjeldahl Nitrogen 



INTRODUCTION 



Section I 



TRAINING GUIDE NOTE 



REFERENCES/RESOURCES 



Looking at the diagram one can see that the 
atmosphere contains a large amount of nitrogen 
existing as (Ng). The atmospheric nitrogen Is 

xonverted-to-NgOg-tn-an^^^ 



nitrogen pentoxide is subsequently converted to 
nitrates,. (NO3)", as a result of the mixing with 

water. These nitrates serve as fertilizer for 
plants and are subsequently' converted to plant 
protein. 

Animals and human beings utilize plant protein for 
the growth and repair of muscle tissue as well as 
energy. These nitrogen compounds are subsequently 
discharged as waste products (fecaT matter and 
urine). Bacterial decomposition of fecal matter 
as well as hydrolysis of urine will produce, ammonia. 
The bacterial decomposition may be accomplished 
under aer^obic^or anaerobic condi 1 1 ons: 

The ammonia formed by this process may now further 
undergo bacterial oxidation (aerobic conditions) 
to form nitrites, {HO^V, and eventually nitrates, 

(NOg)", which can be used as fertilizer for plants 
etc. * ^ ^ ^ 

It should be noted that several changes- may occi'^ -^-™ 
that will modify the fate of a certain compound in 
the cycle. For example the system suddenly turns 
anaerobic upon nitrate, (NO3) , formation. This y 

woiild' cause bacterial reduction to occur^ . SeveraT'''^^ 
otheij examples are shown in the cycle. 

Th^^4:featment plant utilizes the nitrogen cycle 
i4i its processes. The raw sewage will have some- 
•what high Organic Nitrogen content. As it nibves 
through the treatment process, it is converted to 
ammonia, nitrites and finally nitrates. An example 
of the Nitrogen Transformation in a typical treat- 
ment system is shown on the next page. 



Page Nov, 5-37 



300 



EFFLUENT MONITORING PROCEDURE; Determination of Total Kjeldahl Nitrogen 



INTRODUCTION 



Section I , 



TRAINING GUIDE NOTE 



I REFERENCES/RESOORtES 



4-^ - 




SerIc 



TIME (DAYS) 



Isolatlna a certain volume of raw sewage on Day I 
(Point A; » one can see that the Organic Nitrogen 
Is relatively high but decreases and Is converted 
to ammonia (Po^ntB). Subsequent bacterial' 
oxidation produces nitr1tes^(Po1nt,CLand finally 
nitrates (Point D). 

It therefore can be seen that the treatment plant 
simply follows the .nitrogen cycle* and with proper 
monitoring procedures* (analysis of these 4 , 
parameters) » one can very easily measure the 
efficiency of the treatment process. 



The test described in thfs Instruction can be found 
In the 1974- EPA Methods Mani|aT on page 175. Another 
reference with an acceptable procedure for NPDES 
purposes Is 14th ed. Standard Methods on page 437. 
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Methods for Chemical 
Analysis of Wliter and 
Wastes; 1974: ?PA. HOQARL..^ 
Cincinnati, OH 45268, 

p. T75i . * 

standard Methods for the 
Examination of Water and . V 
Wastewater, 14th ed., 1976,^ 
APHAtfNew York, NY, p. 437fl 



- / 



v1 

M 
- 1 



I 



1^ 



EFFLUENT MONITORING PROC 



INTRODUCTION 



AJJa 



} A.3.1a 



A. 3. 4a 



1^ A*3*5a 



f.4Ja 



Most g1 
them f 1 
rinse *w 
water. 



DURE: Determination of Total Kjeldahl Nitrogen , 



TRAINING GUIDE NOTE 



jssware can be cleaned simply by washing 
"^st with detergent, such.as Alconox. Next 
th tap water and flnally^flth distilled 
*^orj|lass sto[p?c*^, wr"ft'the glass plug 



In tissue durlng^storagev-v;: 



If a^f 1 
an Acid 



The EMf 



m or droplets appear-on the glassware, use 
'Potass1umJ)1 chromate^cleanlng sol uti on • 



written for the operation of this Instru- 
ment sfould oe consulted for further detail/ The 
"Spectronlc 20" operates on the principle that 
visible light broken down Into all wavelengths may 
be used In quantitative determinations. 

After 10 minutes wana-up time, the zero control 
may be adjusted to bring the meter needle to "0" on 
the wrcent trahsmlttance (%T)^ ^ 

Later on during, the procedure a Ireagent blank Is 
used f6r the final adjustment oflthe light control. 



uld be c 
acho Kjc 



The^OSM manual for the appropriatp digestion rack 
should be consulted before operation ./^'^^ -.c. 



A macho Kjeldahl distillation apparatus utilizes an 
800 ml flask which requires 500 ml'of sample. A 
micro Kjeldahl apparatus utilizes a 100 ml flask 
which requires 50 ml of sample. Either Apparatus 
is acceptable. . ^ ^ 



Section V 



REFERENCES/RESOURCES 
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U.S. EPA Hai)dbook for . 
Analytical Quality Control 
in Hater and Wastewater 
Laboratoriesl 1972, AQCL- 
NERC, Cincinnati, Ohip 
"Guidelines to tKe Care and 
Use of Analytlical Glassware 
and Apparatus!' Hudson 
Charpplain-Project- 



■ ./ 
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0^ 



LABOROTORY REAGENTS 



Section VI 



' TRAINING GUIDE NOTE 



REFERENCES/RESOURCES 



B.l.la 



0.2.1a 
E.2.1a 



If Organic Nitrogen concentrations ar&Jknown to be 
below 1 mg/1 then the following reagent's may be 
ellmlnaled from procedure. 1 '] 

1. Methyl Red IndTcat^ SolTutlon - B.7 

2. Methylene Blue Indlcattn* Solution - B.8 

3. Mixed Indicator - B.9 . 

4. Methyl Orange Indicator Solution - B.IO 

5. Sulfuric Acid Titrant -lAll of Section C 

High Ammonia (NH,) concentrat-lon in distilled water 
could possibly influence the expected low values 
for normal nitrogen content of effluents. 

Disposal of mercury-containing. sample? is a 
recognized problem; research investigations are 
under way to replace it, as a preservative/ 
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Dean» Williams, Wise: 
"Disposal of Mercury Wastes 
f^Tom Water Laboratories," 
Environmental Science and 
Technology, Vol. 5, No. 10, 
1971. p. 1044 

Haag and Hecker: 
"Recovery of Mercury in 
Solution," Jourhal of 
Environmental Quality, , 
Vol. 1, No. 2, 1972, p. 192: 
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RECORDS AND REPORTS 



Section IX 



TRAINING GUIDE NOTE. 



REFERENCES/RESOURCES 



D. l.lc. 

E. Llc. 



D. 4.12a 

E. 4.12a 



Typical Laboratory Data Sheet 
for 

„Total..KjeUahL Kltrogen,^mg/l- 
Name of Plant 



Sampling Location^ 
Type of Sample 



Date and Time Coll^cted^ 
Sample Collector 



J)ate_ani.Tlrne^Analy Began^ 
Ana lyst_ _ ~ ^ 



Method Used (Macro or Mlcro)^ 
ml. sample used,,..., 



B. ml total distillate Including boric acid (H^BO,) 



ard dilution water 



^ F.1.5C, 



F.3.5a. 



C. ml distillate taken for Nesslerlziitlon. 



A. mg NH3nN/50,0 ml>frfem curve;; 



Use thls^formula In calculating the results for the colorlmetric method: 

TKN mg/1 = A x-1000 ^ B . V i 

^ ml sample^ Z (See pp. 5-31 and 5-32) ' . 

If Organic Nitrogen (mg/1) is needed and a seoarate ammonia analysis has been' 
performed, use the following ^uation t6 determine this.- ' 

Since: TKN = Organ1c/N > fmonidi/H, 

Then: Organlc/N = TKN - Ammonla/N 



Final Results 



TKN mg/1 
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RECORDS AND REPORTS 



Section IX 



TRAINING GUIDE NOTE 



REFERENCES/RESOURCES 



F.2.6a 



-7 



Values from Nesslerization Procedure 



Tube # 


uonccfi ufav ion 


nosoroance 


MDsoroance 


A tf* M P% 4 M A 

ADSorDance 




mg NH,-N/50.0 ml 
' 3 








1 


. 0.0 








2 


0.005 








3 


0.010 








4" 


0.020 








5 '. 








- 


0.040 








6 


; • 0.050 








7 


0.080 








8 


OJO 








9 


Sample 








IX) 


Sample 




i 




.11 '. 


Sample 
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0.03 0.04 0.05 0.06 0.07 

CONCENTRATION OF ANNONIA NITROGEN sng/SO.O ml 
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A PROTOTYPE FOR DEVELOPMENT OF 
ROUTINE OPERATIONAL PROCEDURES 

for the 

NITROGEN. AMMONIA DETERMINATION 



m 



as applied In 



WASTEWATER^TREATMENt FACILITIES 

r and In the 
MONITORING OF EFFLUENT WASTEWATERS 





CH,.H;jpJNP<1a.Sy|5 
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This operational procedure was developed by: 
NAME . Paul F. HaV1bach,..-^c' 

ADDRESS ' ^EJA-WPO-Na.tional Training Center, Cincinnati, Ohio 
POSITION Chemist Instructor 



EDUCATION AND TECHNICAL BACKGROUND 
B.S. Chemistry ' 
^ 14 years Industrial Chanist 

16 Years HEW-FWPCA-EPA-Chemist 
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• EFFLUENT MONITORING PROCEDU^: Nitrogen, Amnonia Determination 

1. Objective: . ' ' 

To detehnipe the nitrogen (as ammonia) content of an effluent 

^ 

2. Brief Descriptipn of Analysis: 

The sa mple is buffered at a pH of 9,5 with a borate buffer and is then 
dt&HH j i id I nl u d solu t ion of bo r ic acid/ Fo r samples con U l nfn g a m monia 



concentration of less than one milligram per liter, the ainnonia concen 
tration can be determined colorimetricallv. For samples containing 
higher concentrations (1.0 to 25 mg/liter) the .ammonia concentration is;, 
determined by volumetric titration procedure. 

3. Applicability of this Procedure: 



a. Range of Concentration: 



Colorimetric Method - 0.03 to 1.0 mg NHg-N/liter 
TitrfmetrJc Methpd - 1.0 to -25 mg NHj-N/liter 
(The grange of these methods may be extended for. samples by dilution.) 

NOTE: A range Vrom 0*05 to 1400 mg NH^rN/liter Is available by using. 

;.an ammonia selective' ion electrode. A separate EMP on this 
method is available. 

b. Pre^reatment of Samples: . * 

Thi$ procedure incltides the manual distillation of the sample at 
pH 9.5 as spkifte^in the Federal Register Guidelines. ^ 

c. Treatment of Interfermces in Samples: 

This procedure ihcluda^ addition of sodium thiosulfate to r 
residual chlorine. 1/ samples contain volatile alkallMr-^iy^gnds 
or mercury salts (somtimes used as preservatives ),y^nsult the 
Source of Procedure*! for appropriate treatments. / ' 

♦Source of Procedure: hfeth^ folf Chemical Analy^s o/ Water and Hastes, 
1974, Environmental Pi^ectioft Aaency,yM6thods j^veW^ and Quality 
.Assurance Research Laboratory, xlncin^fati, Oh;ro, p. (159. 
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EFFLUtNT tWNITORING PROCEDURE: Nitrogen, Awnonla Determination 

0 

Equipment and Supply Requirements 
A, Capital Equipment 

1. Analytical balance, 200 g capacity 

2. Trip balance, 500 g capacity 

3. Meter, pH 

4. Spectrophotometer and cuvettes 



B. Reusable 

!• Burner, Meker type, gas 

2. Safety glasses 

3. Laboratory apron 

4. Pipfettes, volumetric, 1, 2, 5, 25, 50 ml 

5. Graduated cylinder, TOO ml 

6. K^^ldahl flask, 800 ml 

7. Cbftdenser, Alllhn, 600 ml 

8. 'Kje|Jahl spray trap 

9. Support, tripod base, 10 x -24 inch 
10. Clamps, two, utility » • 

11 /Beaker, 600 ml . 
la. Flask, ErWnmeyer, 500 ml , 
n. Reagent bottles, 200 ml, 500 ml 
14..Plast^<; squeeze bottle, 500 ml 
* 15. Nessler tubes, 50 ml * 

C. Consumable •'• * 

1. Concentrated sulfuric acid 

2. Boiling chips 
.3. Boric acid ^ 
|4. Methyl red In'dicator r 
15. Ethyl alcohol or 'denatured (3A or 30) 

' "ithylisne blue * 

7. Mencurlc iodide 

8. Potassium iodide - , 
9; Sodium tetra borate ^ 

-10. Sodium thiosulfate 
^ 31. Sodium hydroxide 
J2. Ammoni^Om /chloride 

All reagent^;;Should be high quality. 



V .A 
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■ ~EFFlUENT,^MONITCRING-RROCEDURE ;. NltnoSen,, Mmn\i. Determi nation 



P&i,£ No. 6-6 



\ OPJRAtlNG iPmIduRES- 



?NITWBEN» iWIONTS DETERMINATION 

A. Sample Preservation 
v.: Addition of 
preservative 



STEP SEQUENCE — 



B. Equipment Preparation 



1. Glassware wash-up 

■i 

2. Still Cleaning 



. 312 



JjL^dd 2jiil_of /--^ncentrated ' 
suVfuFiTaclL (HgSO^) or 



40 mg of TCrcuric chloride 
(HgClg)^ per liter a.,' store. 

at 4^ centigrade. 



^. Clean all glassware in 
suitable detergent, 

1 • Add 500 ml of amnonia-free 
water to an 800 ml Kjeldahl 
flask. 



2» Add a few boiling chips. 

♦ S 

3. Set up the still assembly. 



4. Ignite the burner under the 
flask and apply heat cau- 
tirusly so that the water 
boils slowly. 

5. Test the distillate by addihg 
aBout 5.0 ml ;of Nessler's 
reagent. 



|FRir ^ 



INFORMATW-OEERAIIlJiLGOALS/SPE^ 



la. Becaus e organic nitirogen is progressively 

ammonifiea by biologic activTty, the dietermirration 
of ammonia Is best made on a fresh sample. 

lb. The use of mercuric chloride is discouraged. 



Ta .TJTsflTTea' water m^lrr$~w1thourieav+ng-any 

droplets. 

la. Use deionized dist^led water. Shake 4 liters of 
' distilled. water with 10 grams of lonac C-101 
cat ion exchange resin; available from lonac 
^ Chemical. Company, Birmingham, NJ*. 

2a. The addition of boiling chips which have been 

previously treated with dilute sodium hydroxide 
- will prevent bumping. 

3a. Assembly consists of gas burner, distillation 
flask, condenser and receiving flask. 



5a. If the distillate remains colorless, he glassware 
. is not contaminated with awnonla. 

*Cation exchange resins are available from many 
manufacturers. This recommendation is not an 
endorsement this particular product. 



TRAINING 
GUIDE NOTES 



I 

(p- 17) 

I^A.la. 

(P.il7) 
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OPERATING PROCEDURES 



C. Reagent Preparation 

1. Boric Acid 
Solution 



2; M^xed Indicator 
Solution 



3. Nessler Reagent 
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STEP SEQUENCE 



1. Dissolve 20 grams of boric 
acid (H,BO,) in distilled 

' water and dilute to one 
liter with distilled water. 

1. Dissolve -200 mg methyl red 
indicator in 100 ml 95% . < 
ethyl alcohol. 

2. Dissolve 100 mg methylene 
blue in 50 ml of 95% ethyl 
alcohol. 

3. Transfer the above two 
solutions into a dispensing 
gtffss-bottTe; 



1. Dissolve 100 grams of 
mercuric iodide and 70 grams 
of potassium iodide in about 
300 ml of distilled water. 

2. Add the above mixture slowly 
> to a cooled solution of . 

160 grams of sodium hydroxide 
previously dissolved in 
500 ml of distilled water. 

3. Dilute the mixture to 1 
' liter. 



INFORfWION/OPERATlNG GOALS/SPECIFICATIONS. 



la. Thfs*is a Z percent solution of boric acid. 



la. Specially denatured ethyl alcohol conforming to 
formula 3A or 30 of the U.S. Bureau, of Internal 
" Revenue may be. substituted for -95% ethanol. 



3a. This solution should be prepared fresh every 
30 days. 



la. 



Mercuric iodide dissolves after potassium 
iodide is added. 



2a. Use a glass rod for stirring or a magnetic stirrer 
when the mixture is being added. 



3a. Store the reagent In a pyrex glass bottle. Keep 
out of direct sunlight. It will remain stable 
for a period of up to one year^ 



..TRAI^»IMG 
GUIDE NOTES 
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OPERAtiNG; PlibCEDijRK ' 


. StEP SEQUENCE ' 


: _ INFORMATION/OPERATING GOALS/SPECIFICATIONS- 


• TRAINING d 
GUIDE NOTES ^ 


Ptfj^- 4. Borate Buffer 

fe-: - 

' 1 

/ ' ^ ' ~ 


1. Md 10 Bii; 1 N sodium 
hydroxide to 50 ml of 
distilled , water anidtdllute 
to the marie with distilled' 
water. 

2. Add 4.75 grains of sodium - 
xexraDora te ( Hdi2^^0j . 10H2O J 

to about 300 ml distilled 
water In a 500 ml volumet- 
ric flask. 

3. ^ Dissolve and dilute to the 

500 ml volume with ^ 
distilled water. 

A*_Ad08 ml of the 0.1 N NaOH 


la. Use a 100 ml volumetric flask, 
lb. This solution will have a concentration of p.l N. 
Ic. See ^reagent #6 'for 1 N sodium hydroxide 
preparation. 

-3a. This solution will have a concentration df 0.025 M 


- • ? 


- 

tf ^' • 

|& - * ' 

tX^f^;- - - 

p/ . ^ 316 


(Step 1) to a 1 liter 
riask. ^ 

5. To the same flask add 
.500 ml of the 0.025 M 

sodium tetraborate (Step 3) 

6. Swirl to mix and dilute to 
the 1 liter volume with 

. distilled water., 

>* * 

' ' i ^ - ' 


V 

6a. This is the borate Jbuffer solution. 


.V ^ 

317 -4 

.-V 1^ 



miUENT MONITORING PROCEDURE; Nitrogen, Ammonia Determination 



OPERATING PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



5, Sulfuric Acid 
Stock Solution 
Approximately 0.1N 



6, Sodium Hydroxide 
IN 



7, Sodium Thiosulfate 
(1/7eN) 



Stock ammonium 
chloride (1 ml = 
1,0 mg of ammonia 
'nitrogen) 
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!• Add 3 lal of concentrated 
sulfuric acid (specific 
gravity 1.84) to about 
800 ml of CO^ free dis- 
tilled waterf Mix well 
and dilute to 1000 ml with 
COg free distilled water. 

2. Dilute 200 ml of this solu- 
' tion to one liter with COp 
free distilled water. 



1. Dissolve 40 grams of sodium 
hydroxide (NaOH) in am- 
monia-free water and dilute 
io one liter. . 

1. Dissolve 3,5 grams of 
sodium thiosulfate 
pentahydrate in about 
300 ml of distilled water 
and dilute to one liter 
with distilled water. 



la, 
lb. 



Use a 3 ml pipette. A pipette bulb must be useq. 
Use a 1000 ml volumetric flask. 



2a, 

2b\ 



Use a 1000 ml volumetric flask. The concentration 
of this solution should be about 0.02N. 
Standardize according^^to the procedure prescribed 
in the EMP "Determination of Total Kjeldahl 
Nitrogen." 



la. Use a volumetric flask. 

lb. Transfer reagent to pyrex reagent bottle fitted 
with a rubber stopper. 



la. This solution can be used to remove residual 
chlorine from the sample prior to distillation. 

lb. One ml of this solution will. remove 1 mg/liter 
of residual chlorine in 500 ml of sample. 

Ic. Use sodium thiosulfate pentahydrate NagSgOg • BHgO 



DlysTX^lve~3T81^rams~ef — 
NH.Cl in* water and dilute 
to^l liter. 



JA^Jilherever water is mentioned it refers to 
ammo nia^ee wafeFT — 
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EFFLUENT fCNITORING PROCEDURE; Nitrogen, Amiwnla Datermlnatlon 



\ 



Page No, 6-10 



OPERATING PROCEDURES 



9. Working, ammonium 
^ chloride solution 
^ (1 ml = 0.01 mg 

of ammonia 
nitrogen) 



STEP SEQUENCE 



1. Dilute 10.0 ml of the 
NH^Cl to 1 liter with 

water. 



INFORHAtlON/OPERATING GOALS/SPECIFIC'ATIONS 



la. Use the stock ammonium chloride solution 
(reagent #S). 



TRAIffING 

GUIDE NOTES . 



D; Procedure (Sample 
contains 1.0 to 
25.0 mg/.l ammonia 
nitrogep) 



320 



1. Add 500 ml of ammonia-free 
water to an 800 ml Kjeldahl 
flask. 

2. Add a few boiling chips to 
the flask. 



3. Set up the still assembly 
as before. 

4. Ignite the burner and steam 
out the distillation 
apparatus . 



5. Continue the cleaning . 
process until you are'^ 
assured^that ,no„traces 
of ammonia are* present. 



la. Use a graduate cylinder. 



2a. The addition of boiling chips which have been 
previously treated with dilute sodium hydroxide 
win prevent bumping during the distillation 
process. 

3a. >Cool1ng water to condenser turned off. 

4a. Periodically^check the distilUte in th^ re- 
ceiving flask by adding a few milliliters of 
Nessler's reagent. If the distillate remains 
colorless, the apparatus is not contaminated with 
any trace of ammonia. 



6. Transfer" 

of sample Into a 600 nil 
.beaker.. 



_je_ls_£resent In the. sample It must be 
ref,ioved -prior toWlttst1Wat1on^>y-^<ld4n9-Unl_. Isk 
of sodium thiosulfate for each f mg/llter of ^ 
res idual -chl or4 ne. jn_500 ..ml _of_ sampl e . 



VII.D.ea. 

J8) 
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^ciTi nun rrUKTiic 



t-rogen- , Ammonia Dete r mi n ation 



OPERATING PROCEDURES 



32S 



STEP SEQUENCE 



7. Add sodium |;»ydroxide solutior 
' (IN) until the pH is raised 

ta9.57 

- ? ■ 

8. Transfer the sampU to the 
previously steam-cleaned 
800 ml KjeWahl fla^sk. 

9. Add 25 ml of the bor^ate^ 
buffer. . \ 

10. Attach the flask and connects 
the still assembly. 



11 



Add 50 ml of 2 percent 
boric acid to the 500 ml 
receiving flask,^ and 
position the flask under 
the\condenser tip. 



12. Ignite the burner and distill 
300 m] at the rate of 6 to 
10 ml \per minute. 

13. Remove the receiving flask' 
and. turn off the burner. 

14. Add 3 drops of mixed indi- 
cator to the receiving flask^ 
and its contents. 



INFORMATION/OPERATING GOALS/SP 



ECIFICATIONS 



7a. Use a magnetic stirrer or alglass^sttrring^rod for 
stirring. Use a dropping bottle for ^^e addition ^ 
of sodium hydroxide. \ 

7b. Check the pH during the additix)n with the use of a 
pH meter or by the use of shori range pH paper. 



10a. Turn on water to cooling condenser. 



Ta. the condenser tip should be adjusted so that it 
is below the surface of the liquid. \ 



TRAINING 
GUIDE NOTES 



VII.D.7a. 

(p. .18} 
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EFFLUENT MONITORING PROCEDURE ; Nitrogen. Anmonia. Determination 
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OPERATING PROCEDURES 



STEP SEQUENCE 



information/operating goals/specifications 



TRAINING ' 
GUIDE toS 



15. Set UP 3 titration burette 
and fill it with 0.02 N 
sulfuric acid standard- 
solution. ^ 



15a. Use a 50 ml burette. 



16. The color change at the end 
point in thi titration shpulc 
match the color change pro- 
duced at the end point when 
^ plain distilled wa.ter 
sample Is rurf' through the 
same procedure using* alK^ 
reagents that would be used, 
for a sample. • 



E. Calculations for 
. Titration Procedure 
(Sample contains 1.0 
to 25.0 mg/1 ammonia 
nitrogen) 



1 . The amount of ammonia 
nitrogen present can bd' 
determined with the use of 
the formula to the right. 
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la. NH,-N mg/1 = A x 0.28 x 10 00 
3 , — 5 



where: 



2. There is a' calculation sheet- 
page 19. ^ . - 



A - will equal the milliliters of 0.02 N 
sulfuric, acid used in the titration 

S - will -equal the milliliters of sample 
used in the test 



An examfxle^^of the use of this formula for the 
analysis or^~^«istewater sample, fellows: 



1. Sample sizerfor- the 'afraTysis » 400 ml 

2. ml of O.O:^ N sulfuric acid " 17.0 i 

3. NH-Nvmg/1 « 17.0 k'o.ZB x 100 0 

^ " 400-, . — 

NHjN mg/r«^1.9 mg/U • , ' 



4 



V 

25' 



lOPERAf ING PROCE^ 



F. Procedure 

(SSwiple contains 
0;05 to 1,0 mg 
iminbnla nitrogen 
per liter). - _ 
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STE|> SEQUENCE 



3. If the. sample contains more 
than 25 nig/l 1 ter of anmonla , 
an appropriately aiialler 
sample slze^mj^t be used ^ 

4. If the sample contains 
1.0 mg or less ammonia 
n1 troger, per 1 1 ter , the 
following procedure -Should 

•be used.- . . 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



1. Transfer a 400 ml sample into 
a eOOz.-n'' beajcer. 

2. Add IN NaOH with an eye 
dropper until the pH Is 9.5. 

3. Transfer .the pH S.5 ejunple 
to a. steam pleanea 800 ml 
Kjeldahl fla/Tand add 

25 ml of bo«te .buffer. 

4. Distil I jOO ml at the rate 
of e-lo ml /minute Into 50 ml 
of 2 percent boric add 
contained in a 500 ml glass 
stoppered Erlenmeyer 
flask. 

5. Dilute to 500 ml. 



6. Intp 50 ml Nessler tubes 
pi pet the foil owl r, volumes 
of the wrklrrg ammonlwn 
chloride solution: 0.0, 0.5, 
1.0, 2.0, 3.0, 4.0, 5.0, 8.0, 
and 10.0 ml. 



■/ 



TRAINING 
GUIDE NOTES 



2a. Use a pH meter or pH' paper and stir the solution 
during the addition of sodium hydroxide. 

3a. Use a 50 ml graduate for the buffer addition. 



5a. Use ammonia-free water. 
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EFFLUENT MONITORING PROCEDURE ! Nitrogen. Armonia Determination 
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OPERATING PROCEDURES 



6. CalcuUtions for 
Colcrimetric Pro- 
cedure (Sample 
contains 0.05 to 
1.0 mg ammonia 
nitrogen per liter) 
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STEP SEQUENCE 



7. Add sufficient ammonia free 
water to bring the volume 
to 50 ml . 

8. Pipet into three Nessler 
tubes 2. 25. and 50 ml of 
the distilled sample from 
step 5 above. Dilute with • 

. water co, 50 ml . 

9. Pipette 1.0 ml of the 
Nessler reagents into each 
standard and sampl tube 
and mix. « ' ♦ 

10 Transfer appropriate aliqiota 
into cuvettes for measure- 1 
ment of the color intensity j 
.in the spectrophotometer. 

11. Read the absorbance of all' 
tubes after 20 minutes at 
425 nanometers against the 
the 0.0 standard. 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



8a. Use a volumetric pipette. The purpose of using 
three aliqu^ts is to ensure that when the colors 
are developed, one of the thr^e will produce a^ 
color which lies within the range of the calibra* 
tion curve. 

9a, Use a volumetric pipette. . 



Prepare a calibration-curve 
of absorbance values of the 
standar'ds versus mg of 
ammonia nitrogen. For 
example: if 210 ml of the 
wovicing NH^Cl are used, and 
its concentration is 0.01 mg 
of NH3-N/ml, then 0.02 mg is 
the value plotted on the 
calibrution curve versus^the 
corresponding absorbance. 



11a. Th6re is an EHP on "Use of a Spectrophotometer. 



la. There is an EMP on "Preparation of Calibration 
Graphs." 



tra!ki?;g 
guide motes 
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EFFLUENT M0NIT0RIN6 PROCEDURFr Nitrogen, tenia Determination 



OPERATING PROCEDURES 


STEP SEQUENCE 


INFORMATION/OPERATING GOALS/SPECIFICATIONS 


TRAINING 
GUIDE NOTES ' 




2. Determine the amount of 
NHj-N present in the sample 








from the calibration curve. 








3. Determine the mg of 

kill It J « . 

NKj-N/liter of sample using 
the formula: 

mg/1 .NH3-N = X \ 


3a, A = mg NH,-N read from staridard curve 

B = ml total distillate collected, including boric 

acid and dilution . 
C = ml <|istillate taken for nesslerization 
D ' mi of original sample taken 

An example calculation. using a value from a 
calibration curve would be: 


• 




» t 


A = 0.015 mg (read from standard curve) 

B = 500 ml (300 ml distillate + 50 ml boric acid 

+ 150 ml dilution water) 
C = 25 ml (distillate which was diluted for 

nesslerization) 
0 - 400 ml (ml of original sample $aken) 

'\nr.n \lU M - A X 1000 B ^ 

mg/1 NH3.N g X ^ ^ 

50 ^0 

Z9 1 




• 

* 










. = 0.015 X 50 








mg/1 NH3-N r 0.75 








There Is a calculation sheet on page 20. 
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EFFLUENT MONITORING PROCEDURE: Nitrogen, Ammonia Determination 

TRAINING GUIDE 



secti6n 




TOPIC 


I* 




Incroduction 


II 




Educational Concepts - Mathematics 


III 




Educational Concepts - Science 


TU 
IV 


\ 


uuucationai voncepts vOfiinuni Cat ions 


V 




Field and Laboratory Equipment 


VI 




Field and Laboratory Reagents 


VII* 




Field and Laboratory Analysis 


.VI 1 1 




Safety 






Records and Rep.orts 



^Training guide materials are presented here under the headings marked 
These standardized headings are used through this series of procedures. 
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EFFLUENT MONITORING PROCEDURE ; 'Nitrogen. Aimionla Detemifnatlon 



INTRODUCTION 



Section I 



AJa. 



TRAINING GUIDE NOTE 



The compounds of , nitrogen are of Interest bficausie 
of the Importance of nitrogen In the life processes 
of an plants and animals. Chemists analyzing 
sewage and* freshly polluted waters learned that most 
of the nitrogen Is originally present In the form of 
organic -(protein) nitrogen and ammonia. As time 
progresses, the organic nitrogen is gradually 
converted to ammonia nitrogen, and later on, if 
aerobic conditions are present, oxidation of ammonia 
to nitrites and nitrates occurs. Waters that contain! 
mostly organic and ammonia nitrogen are considered 
to be recently polluted and -herefore of great 
potential danger. Waters in which most of the nitro 
gen is in the form of nitrates are considered to 
have been polluted a long time previously- and 
therefore are not dangerous to the public health. 
Since the treatment plant is an accelerated version 
of the natural process of converting nitrogen from 
one compound to another, the monitoring of the 
ammonia concentration is an effective means of 
determining the efficiency of the biodegradation. 

The test described in this instruction can be fouricj 
In the 1974 EPA Methods Manual on page .159, entitled 
Nitrogen, Ammonia (Distillation Procedure). If the 
distillation is done at pH 9.5, another reference 
which contains an acceptable procedure for this test 
is on page 410 of the 14th edition of Standard 
Methods. 



REFERENCES/RESOURCES 



Sawyer, C. N.- and 
McCarty, P. L. Chem. 
for San. Eng., 2nd Ed., 
McGraw-Hill, 1967 



He'thods for Chemical 
Analysis of Water and 
Wastes, 1974, EPA, 
MDQARL, Cincinnati, 
Ohio 45268, p. 159. 

Standard Methods for 
the Examination of 
Water and Wastewater, 
14th ed., 1976, APHA, 
•New York, Hew York, 
p. 410 



3.33 
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EFFLUENT MONITORING PROCEDURE: Nitrogen, Ammonia Determination 



FIELD AND LABORATORY ANALYSIS 



-Section YII 



TRAINING GUIDE NOTE 



REFERENCES/RESOURCES 



VIKD.6a 



VII.D.7a, 



At some water treatment plants ammonia is added in 
the combined residual chlorination of water. Where 
the free residual chlorination process 'is employed, 
ammonia nitrogen will react with chlorine in ratios 
which vary W4th^the nitrogen concentration. At 
low ammonii' concentrations (0.1 mg/liter nitrogen) 
the' ratio approximates 1 to 10, while at higher 
ammonia concentrations the ratio approaches 1 part 
of ammonia nitrogen to 7.59 parts of chlorine. 4f a, 
sample contains residual chlorine, then monochlora- 
mine, dichloramine, or trichloramine may be present. 
Dechlorination prior to analysis will convert these 
substances to ammonia. 

Ammonia recovery from preliminary distillation will, 
be low on water samples containing wore' than 
250 mg/liter calcium ^unless the pH is properly 
adjusted before distillation is undertaken. The 
calcium and the phosphate buffer react to precipitate 
calcium phosphate, releasing hydrogen' ions and 
lowering the pH. 



Standard ffethods 
13th Ed., p. 223 



Standard MethMs 
.13th Ed., p. 223 
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Sample No. 



LABORATORY DATA SHEET 

Nitrogen, Ammonia Determination ' 
(Sample contains 1.0 to 25.0.mg/l NH--N) 



Date/Time Sampled 





Sample Point 



(Sulfuric add 0.02N ml 



J (0.28)(1000) 



Sample ml 



_jng/lUer NH3-N 




Date 



Analyst 



335 



Page No. 6-19 



1^ 




LABORATORf DATA SHEET 

Nitrogen t Aimonla Determination . 
(Sample Contains 0*05^to 7;0 mg/llter NHj-N) 
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Sample No* 



Date/Time Sampled 



Sample Point 



{[mg of NHj-N^ ftl 000) " (Total D1$tmate» Coljjected 



(Sample ml_ ) 



(Distillate Taken for NessTerlzatlon tsil^^ 



jng/V NHj-N 



„ ' V. — 

Analyst 



Date 
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*Inc1ude boric acid plus dilution water 



-fi 
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A PROTOTYPE- FOR DEVELOPMENT, OF 
.ROUTINE OPEWTWNAL PROCpURES 

for the "r' >. . 

bHERMINATION OF NITRATt-NITRITfc NITROGEN. AND 
.OF NITRATE NITROGEN. CADHIUM REDUCTION METHOD 



as applied in,,. 

WASTEWATER TREATMENT FACILITIES 
and In the 
MONITORING OF EFFLUENT WASTEWATERS 




National Trailing Center 
, Municipal Operations and Training Division 
Office of Water Program Ofwratlons . 
U.S. Environmental Protection At ency 



CH.M.n/n.EMP.la.3.76 



tT'-'^^'K '-V^i'^- -i-554f?-/ "--^"'1 •'^-:--,^,f\f--^--^J.''- 
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E|FLUENT'MON!TORINe PROCEDURE: Oetermfnatioh of Nltrate-NUrite Nitrogen 

and of Nitrate Nitrogen* Cadmium Reduction 
Method 

This operational' procedure wss developed by: 
NAME- Don Roach 

ADDRESS Niami-Dade Conmunity College, South Campus. 11011 S.W. 1«D4 Street, 
. Miami, Florida 33176 ' . . . 

POSITION iCh - Chemistry Department - . - 

...EDUCATION AND lcvk..,»CAL BACKGROUND 





Chemistry 


M.S. - 


Chemistry 


PhD. - 


Analytical 


1 y^ar 


Commercial 



10 years College Chemistry Instructor^ 
7 yeans Chemical Consultant to Industry 



V 



V 
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EFFLUENT MONITORING PIIOCEDURE: Determination of Nttrate-NUrlte ►'.cvogen 

and of Nitrate Nitrogen » Cadmlufri (deduction 
^ * ' r Method 



1. Ob4^ct1ve: "^■> 

To determine the nitrate-nitrite nitrogen and the nitrate nitrogen content 
of an effluent. ^ . 

Z\ Brief Description of Analysis: 

The procedure cofiverts^ nitrate nitrogen to nitrite nitrogen when the 
nitrate is passed through a column containing copper-cadmium granules. ^ 
Nitrate is almost quantitatively reduced to nltritis by this process. 
vThe resulting hitr1te *is determined by reacting: the effluent With sul- 
fahilamide.ind coupling wtth^N - (1-hapthyl) - ethyl enedi amine dlfydro- 
chloride to form^ia 'highly coTored^ d^^^ can then be determined 
colorimetrically./ A cbfrection fwstl)e^j^^ for, any nitrite iniilclly 
present in the sewiple cf the w«thdd determines total nitrite. The 
concentratiohlof hitrive originally pres%n^^ in a sample can be determined 
by oiiiittino the initial copperrcadmium reduction and carrying out the 
remainder 6f- the procedure. Sepawte nitrate-nitrite values for a sample 
may be obtained by analyzing two aliquots ^f the same; one with the 
copper-cadmium reduction stiepi and one without the initial reduction step. 

3. Applicability of this Procedure: . 

a. Range of Concentration: , ' 

0.01 to 1.0 mg NOg-^Wg N/liter 

(The range may be extended for sejnples by dilution.) 

b. Pretreatment of Samples: 

'The Federal Regirter Guidelines do not specify any pretreatment. 

c. Treatment of Interferences in Samples: 

This procedure includes directions for renoval of turbidity and/or of 
grease and oil from samples. It a>so includes addition of EDTA to 
eliminate interferences from metals. No other Interferences are noted 
in the Source of Procedure.* ^ 



* Source oC Procedr i: Methods for ChemicaT Analysis of Water and Hastes, 1974 
Environmental Protection Agency, Methods Development and Quality Assurance 
Resoarci Laboratory, Cincinnati, Ohio, page 201. 
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EFFLUENT MONITORING. PROCEDURE: 



Determination of Nitrate-Nitrite Nitrogen 
and of Nitrate Nitrogen, Cadmium Reduction 
Mettled 



FLOW SHEET: 



SAMPLE 



TURBIDITY REMOVAL 
(If necessary) 



OIL AND GREASE REMOVAL 
- (If necessary) 



ADJUST pH TO BETWEEN 5 
AND 9 (if necessary) 



/-REDUCTION OF NITRATE TO 
NITRITE BY PASSING THROUGH 
CADMIUM REDUCTION COLUMN 



COLOR DEVELOPMENT BY REACTION 
OF NITRITE WITH SULFANILAMIDE 
AND WITHN-(1- NAPTHYL) - - 
ETHYLENEDIAMINE DIHYDROCHLORIDE 



0 



MEASUREMENT OF ABSORBANCE AT 
540 nm 



RESULTS: NITRATE N PLUS 
ORIGINAL NITRITE N 



The above procedures determine nitrate N plus nitrite N. The initial nitrita 
concentration of the samples should be determined prior tc reduction. Thus, 
the nitrate concentration can be determined by: 



Nitrate N « Total Nitrite N - Nitrite N before reduction 
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EFFLUENT MONITORING PROCEDURE: Determination of Nitrate-Nitrite Nitrogen 

arid of Nitrate Nitrogen, Cadmium Reduction 
Method 

Equipment and Supply Requirements 
A; Capital Equipment: 

1. Balance, analytical, 160 g capacity, precision + 0.1 mg 
.2. 3d1ance, triple beam, 500 g capacity, precision + 0.25 g 

3. pH meter/combination electrode, range 0-14 pH 

4. Refrigerator, temperature ranp - lO^'C ■ 

5. Spectrophotometer, wave length range 325-i'i25 nr 

6. Stm and de-Ionizing cartridges- (or other means of distilling and 
de-Ionizing water) 

B. Reusjable Supplies: ^ , 

K One apron, laboratory < 

2. One 100 mV beaker ^ ^ 
-3. Four 250 ml beakers {3 for buffer solutions) 

4. -One 400 ml .beaker • 
• 5. One 1 liter beaker 

6. One 2 liter beaker 

7. Two bottles, Barnes with stoppers and two dr/ppers, small gauge 

8. One 150 ml bottle, dropper 

9. One 250 ml bottle, plastic wash' _ _ 

10. One 100 ml bottle, storage with. screw-on cap (storage of 6N HCl). 

11. Seven 1 liter bottles, stor^e* brown, with screw-on caps or rubber stoppers 

12. Two 5 gallon bottlei-, water with bottom spout 

13. One brush, camel hai.^ (cleaning analytical balance) 

14. Two brushes, bottle (cleaning glassware) , 

15. One bulbf'propipet type > ' 

16. One buret holder, double clamps (reduction column support) 

.17. Two columnst reduction (see Figure 1. at the end of this section) 
18. Three cuvettes 

.19. One 25 ml cylinder, graduatf^d , 
20.. One 50 ml cylinder, graduated - 
21., One 100ml cylinder, graduated 

22. One 500 ml cylWer, graduated 

23. One 1 liter cyl/nder,. graduated - 
24.. One 50 ml flnsk, volumetric with stopper (dilution of sample) 

25, Twfe've 100 ml flasks, volumetric with stoppers (for standards) 

26. X 100 ml flasks, volumetric with stoppers (for samples - 1 flask 
per sampli) ' ,^ x 

- 27. Twelve 250 ml flasks, Erlenmeyer with stoppers (for standards) 

28. X 250 ml flasks, Erlenmeyer with stoppers (for samples-1 flask per sample) 

29. One 1 liter flask, Erlenmeyer, or a large, empty chemfcal bottle 
(for Cd washings) ^ 

- 30. Three 1 liter- flasks, volumetric wtth stoppers 

31. Two 2 liter flasks, volumetric with stoppers 

32. One filter funnel for 0.45 y filter (turbidity removal) 
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EFFLUENT MONITORING PROCEDURE: Determination of NItrate-NUrlte Nitrogen 

and of. Nitrate Nitrogen, Cadmium Reduction 
Method 

Reusable Supplies (Continued) 

33. One funnel, powder 

34. One funnel, large powder with large filter paper (for Cd washings) 

35. One 250 ml funnel, separatory (oil and grease removal) 

36. One pair glasses, safety 

37. Two hoses, rubber, 3" strip, 4 cm I.D. with screw type clamp 

38. One notebook (recording data) 

39. Two 100 ml volumetric pipets (construction of reduction columns) 

40. One C.5 ml pipet, volumetric 

41. One 1 ml pipet, volumetric 

42. One 2 ml pipet, volumetric 

43. One 5 ml pipet, volumetric 

44. ^ One 10 ml pipet, volimietric 

45. One 25 ml pipet, volumetric 

46. One 50 ml p1pet,^yolumetr1c 

47. One rod, stirring (6" or 12") ^ 

48. One sieve, 40 mesh 

49. One sieve, 60 mesh 

50. One spatula (scoopula ) 

51. Two stands, ring. (support funnel, and reduction column) 

52. One support, ring, small (support funnel) 

C. Consumable Supplies: 

1. Glasswool, wad 

2. Membrane filter, 0.45 p - 
^ 3. Notebook (recording data) 

4. Pen or pencil (recording data, marking flasks) 

5. - Soap 

6. Sponges (for cleaning) 

7. Tissues, soft (wiping cuvettes and electrodes) 

8. Towels, paper ^ 

9. Twelve weighing boats 

10. 26 g ammonium chloride, NH^Cl 

*11. 100 ml armionlum hydroxide, NH^OH 

*12. 150 ml buffer solution; STD pH 4 ^ 

*13. 600 ml buffer solution, STD pH 7 

*14. 450 ml buffer solution, STD pH 10 

**15. 25 g cadmium granules, 40-60 mesh 

16. 55 ml chloroform, CHCIg 

17. 20 g copper sulfate, pentahydrate, CuSQ^*5H20 

18i 3.4 g disodlum ethylened1am1ne.tetraa'">tate, ^]q^'\/\I^2^^2% 

19. 1 g N-(l-napthyl) - ethyl enedlamlne dihydrochlorlde, C^2H{4N2*2HC1 

*20. 200 ml hydrochloric acid, concentrated, HCl 

21. lO&ml hydrochloric, acid, dilute (6N), HCT 

22. 100 ml phosphoric acid, concentrated, HgPO^ 

*23. Potassium dichrpmate (cleaning solution), i^Cr^Ji^ 
24. 7.218 g potassium nitrate, KNO^ 
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EFFLUENT MONITORING PROCEDURE: Detennlnatlon of Nitrate-Nitrite Nitrogen 

and of Nitrate Nitrogen, Cadmium Reduction 
' V > Method 

C. Consumable Supplies (Continued) 

25. 6.072 g potassium nitrite, KNOg 

26. 240 g sodium hydroxide, pellets, NaOH 

27. 10 g sulfanilamide, CgHgN202S 

*28. Sulfuric add, concentrated, (cleaning solution) HgSO^ 

29. 100 g zinc sulfate, heptiahydratet ZnS0^'7H20 

30. LabeU, package, 1 1/2 x i inch 

31. Paper, graph 8 1/2 x 11, package 

All reagents should be reagent grade. 

The above amounts do not allow for spillage or mistakes. 



♦These amounts will vary . ^ 

**Th1s nteta) can be purchased from EM Laboratories, Inc.,. 
500 Executlve^uoulevard; Elmsford, New York J0523, Cat. 2001 cadknlum, 
coarse powder 
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•EFFLUENT MONITORING PROCEDURE: Determination of Nitrate-Nitrite Nitrogen 

and of Nitrate Nitrogen, Cadmium Reduction 

Method 




3 cm I.D. 



100 ml 
volumetric 
pipet 



•Cut 



3.5 mm I.D. 



Cu/Cd 



GLASS WOOL PLUG 
CLAMP 



TYGON TUBING 



-^Cut 



^Figure 1. Reduction column 
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EFFLUENT MONITORING PROCEDURF ; Determination of Nitrate-Nitrite Nitrogen and of . Page No. 7-10 

^ Nitrate Nitrogen, Cadmium Reduction Method 



OPERATING .PROCEDURES | 


STEP SEQUENCE 1 


INFORMATION/OPERATING GOALS/SPECIFICATIONS 


TRAINING 
GUIDE- NOTES 


DETERMINATION OF NIIRATE- 

A. Equipment 
Preparation 

!• Glassware Wash-Up 

2. Balance Inspection 

3, Spectrophotometer 
Inspection 

-m — '- — 


NITRITE NITROGEN AND OF NITRATE 

1. Clean all glassware in 
suitable detergerrt. 

1. Clean balance. 

1. Clean spectrophotometer. 

2. Turn power on by rotating 
the power control 
clockwise, 

3. iielect wavelength by 
rotating the' wavelength 
control knob either 
direction until the proper 
wavelength is reached, 

4. Zero the instrument by 
bringing the meter needle 
to "0",on the percent 
transmittance scale, 

5. Use an empty cell and 
adjust the light control 
to 100% T, 


NITROGEN, mg/liter 

la. Distilled water drains without leavi ig any 

droplets on surfaces, 
lb. Use chromerge if necessary. 

la. Free of dust and dirt, 

la. Free of dust and dirt, 

2a, Pilot Tamp on, 

2b. Directions are for Spectronic 20, 
3a. 540 nm on the wavelength scale, 

4a. Meter needle reads zero, 

5a, To be sure that the instrument can achieve lOOSS T, 


I 

(p- 41) 
- 
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FLUENT MONITORING PROCEDURF; 



Detennination of Nitrate-Nitrite Nitrogen and of 
Nitrate Nitrogen, Cadmium Reduction Method 



OPERATING PROCEDURES 



B, Reagent Preparation 
1- Distilled Water 



2, Concentrated 
Ammonium Chloride 
EDTA Solution 
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STEP SEQUENCE 



1. Preoare approximately ten 
(10) liters of highly pure 
water. 



1. Weigh 26 g of ammonium 
chloride, NH^Cl , in a 

weighing boat and wash 
into 2;*0 liter graduated 
beaker. 

2. Weigh 3,4 g of disodium 
ethylenediamine tetra- 

. acetate, C^o"l4^2'*^2°8' 
and wash into the same 
beaker. 

3. Add 'enough distilled water 
^0 bring the total volume 
to approximately 1800 ml. 

4. Use a pH meter to adjust 
the pH of the solution to 
8.5 by the dropwise addi- 
tion of concentrated 
ammonium hydroxide, 
NH^OH. 

5. After the pH has been ad- 
justed, transfer the 

^ solution to a 2 liter 
' volumetric flask. 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



la. An ion exchange column in conjunction with a still 
provides an adequate source of highly pure water. 

lb. This water will be used for all reagent prepara- 
tion and washing of equipment, 

Ic. The pH of the water must be between 5.5-7.5. 

la. Distilled water should be used for all phases of 
solution preparation including water used in 
washing a solid into a container. 



4a. Kix the solution thoroughly by stirring^ 
the addition of each drop of NH^OH. 



after 



5d. Whenever a solution is tra^isferred, the container 
from which the transfer is made should be washed 
and the washings added to the container to wMch 
the transfer was made. 



TRAINING 
GUIDE NOTES 
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EFFLUENT MONITORING PROCEDURE: Determination of Nltrate-NUrlte Nitroaen ;inH of Page No. 7-12 


w. 

M: 




Nitrate Nitrogen^ Cadmium Reduction Method * 






OPERATING PROCEDURES 


STEP SEQUENCE ^ 


INFORMATION/OPERATING GOALS/SPECIFICATIONS. 


TRAINING 
GUIDE NOTES 




B. Reagent Preparation 
(Continued) 


6. Dilute to volume ivlth 
disti 1 J eel water. 


6a. The solution is stable for"* several months. 


<> 


$s " 
h - • 




7/ Label the bottle in which, 
the solution is stored. 


7a. Include the name of the solution, your name and 
the date of preparation. 






3. Dilute Ammonium 
Chloride EDTA 
Solution 


1. Measure 1200 ml of the 
concentrated anmonium 
chloride-EDTA solution, 
using a graduated 
cylinder; 










2. Pour the measured solution 
into a 2.0 liter volume- 
tric flask. 

3. Dilute to volume with 
distilled water. 

4. Store in a labeled 
container. 


4a, Both the concentrated and diluve ammonium 
chloride-EDTA solutions are stable for several 
months. 






4. Color Reagent 


1. Add 800 ml of distilled 
water to^ UW.ter-^fl^sk. 

— — — ■ ^ ,'V 


la. U.se a graduated cylinder. 

lb, Ose a 1 liter volumetric flask. 








■\ 

? AHH inn ml AT t*f\nf*t^n^v*sk^Afi 
. nuu lv/v/j|lll Ui UUilCcil Lig LcU 

phosphoric acid, H^PO^, to 
the sanie flask. 
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3, MIX thoroughly. * . 

4. Weigh 10 g of sulfanilamide 
(CgHgNgOgS) in a weighing 

boat. 




\^ «^ 


^ERjC 





















t . AFFLUENT MONITORING PROMDURE: DPtPrmin.tinn nF KH^p^.- «7 • ' ^ 
; , Nitrate Nitrogen, Cadmium Reduction Method 




; OPERATING PROCEDURES 


STEP SEQUENCE 


INFORMATION/OPERATING GOALi/SPECIFICATTONS 

V ■ — H 


• TRAINING- 
GUIDE NOTES 


B. Reiigent Preparation. 
(Continued) 

• 

5. Zinc Sulfate 
Solution 

k 

O IT O 

35J 

^ ERJC 


— 5.r--Us€--a-wa3h bottle -and 

funnel to wash the 
sulfanilamide into the 
1 liter flask containing 
phosphoric acid solution. 

6. Weigh 1 g N-(l-napthyl). ' 
ethyl enedi an; ine dihydro- 
chloride, Marshall's 
Reagent, and wash into 
same flask. 

7. Dilute to volume with 
distilled water. 

8. Store In a labeled 
container. 

\* " 

f 

1. Weigh 100 g of zinc sul- 
fate heptahydrate, 
ZnSO^-ZHgO, in a weighing 

boat. 

2. Wash into a 1 Mter flask 
using a wash bottle and a 
funnel . 

^3. Adf* suffici-^nt distilled 
water to c ..olve all of 
the solid. 

* - • 


\ • 

/. 

8a. Container should be dark 1 liter plastic reagent 
bottle. 

8b. Store at 4°C when not in use. 

Sc. Use at room temperature. 

8d. The solution is stable for several months. 
'Be. A very faint pink color may show up in tNis 
color reagent. You may still use the reagent. 
If a precipitate forms in the reagent, though, 
discard it. ' . . . ' \' 

la. This reagent is ured if flocculation is employed 
as an alternativ : filtration if the sample 
requires removal of turbidity. 

2a. Use a volumetric flask. 

/ . Page N 

■ ■ / y 


a- 

\ 

i 
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i)PE1^A .ttJG- PROCEDDRET 



"STEP~3E^iIENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



—TRAINING — 
GUIDE NOTES 



B. Reagent Preparation; 
(Continued) 



6.- Sodium Hydroxide 
Solution (6N) 



7. Aninon"*um 
Hydroxide 



8. Hydrochloric 
Arid, (6N) 



4. Dilute to \^olume with 
distilled water. 

5. Store in a labeled 
. . container. 

1 . Rapidly weigh 240 g of 
solid sodium hydroxide, 
NaOH, pellets in a'l liter 
graduated beaker. 



2. Add 500 ml distilled 
water to dissolve the 
sodium hydroxide. 

3. Dilute to a total volujne- 
of 1 liter. 

4. Store i#) a glass bottle or 
jug and stopper with a 
rubber stopper. 

5. Label the container. 

1. A 100 ml supply should be 
available. 

2. Place in a Barnes 
(dropper) bottle. 

1. Add 50 ?nl of distilleo 
water t' . 400 ml beaker. 



5a. This solution is stable for at least one year. 

la. This reagent is used if flocculation is employed 
as an alternative to filtration if the sample 
, requires removal of turbidity. 

lb. Sodium hydroxide picks up moisture from the air 
quite readily. 

2a. The water should be added with constant swirling 
to avoid fusing. ^ 



3a. The solution should be allowed to cool to room 
temperature before the dilution is made. 

4a. Sodium hydroxide rlowly etches glass causing 

glass stoppers to stick. 
4b. The solution is stable for at leost a yearv 



la. Drop quantities may be required for,pH 
adjustment. 



la. A 100 ml graduated cylinder is suitable for 
measuring the volume of the distilled water and 
the volume of the acid. 
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EFFLUENT MONITORING PROCEDURR: 



Determination- of Nitre o-Nitrite Nitrogen and of 
Nitrate Nitrogen, Cadmium Reduction Method 



OPERATING PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



ERIC 



B, Reagent Preparation 
(Continued) 



9. Cc/per Sulfate 
Solution (2%) 



10, Nitrate Stock 
Solution 
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2, ^Slowly add 50 ml of 
'concentrated hydrochloric 

(HCl) acid (12 N) to the 
same beaker. 

3, 'Mix thoroughly, 

4, Store in a 100 '"I bottle, 

5, Label the container, 

1 , Weigh 20 g of copper 
sulfate pentahydrate, 
CuSO^-BHgO, in a weighing 

boat, 

2, Wash copper sulfate into a 
one liter volumetric 

, flask. 

3, Add sufficient distilled 
water to dissolve the 
solid, 

4, Dilute to volume with 
distilled water. 

5, Store in a labeled 
container, 

1, Carefully weigh 7,218 g of 
potassium nitrate, KNO^^ 

in weighing boat. 



3a, About 500 ml of water should be sufficient. 



4a, This solution is srable for at least one year. 



la. An analytical balance lould ba used* 
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OPERATING PROCEDURES 



B. Reagent Preparation 
(Continued) 



11. Nitrate Standard 
Solution 



35 



STEP SEQUENCE 



2. Transfer the solid to a 

1 liter volumetric flask 
equipped with a powder 
funnel . 

3. Use Wash bottle to v/ash 
the solid into the flask. 



4. Add sufficient distilled 
water to dissolve the 
solid. 

5. Dilute to volume with 
distil "Jed water and 
thoroughly mix. 

6. Store in a labeled glass 
bottle. 

y 

i 

7. Preserve the, solution by 
adding 2 ml of chloroform, 
CHCl-j. 



Carefully pipet 10.0 ml of 
nitrate stock solution 
into a 1 liter volumetric 
flask. 



Dilute to volume with 
distilled water. 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



2a. This is best achieved by washing the solid onto 
the funnel witfua wash bottle. 



3a. The weighing boat should be rinsed three times 
and all of the rinse water should be added to 
the flask. 



4a. About 500 ml is sufficient. 



7*a. The solution prepared, stored and preserved in 
this manner should be stable for at least 
6 months. 

7b. The nitrate stock solution contains 1.00 mg of 
- nitrate nitrogen (NO^-N) in each 1.00 ml of 

solution. 

la. This nitrate standard solution should be prepared 

fresh for each use. 
lb. The nitrate stock solution should be at room 

temperature before using. 
Ic. Usr a 10 ml voluirnric pipet. 



TRAINING 
GUIDE NOTES 
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EFFLUENT MONITORING PROCEDURR ; Determination of Nitrate-Nitrite Nitrogen and of 
- Nitrate Nitrogen, Cadmium Reduction Method 



OPERATING PROCEDURES 

B, Reagent Preparation 
(Continued) 



12. Nitrite Stock 
Solution 
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STEP SEQUENCE 



3, Store in a labeled 
•container. 



1. Weigh 6.072 g of 
potassium nitrite, KNOj, 

in a weighing boat* 

2. Transfer the solid to a 

1 liter volumetric flask 
using a powder funnel. 

3. Use wash bottle to wash 
the solid into the flask. 

4. Add sufficient distilled 
Wv^ter to dissolve the 
solid. 

5. Dilute to volume and mix 
thoroughly. 

6. Store in a labeled glass 
bottle. 

7. Preserve the solution by 
adding 2 ml of chloroform 
for each 1 liter of solu- 
tion and refrigerate wlien 
not in use. 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



3a. Use within one hour of preparation. 

3b. The nitrate standard solution contains 0.01 mg 

of nitrate nitrogen (NO^-N) in each 1.0 ml of 

solution. 

la. An analytical balance should be used for all 
weighings involving standards. 



3a. The weighing boat should be washed three times 
an'j the washings added to the flask. 

4a. About 500 ml is sufficient. 



7a. The solution should be stable for at leasts 

3 months when preserved this way and stored 

at about 4''C when not in use. 
7b. The nitrite stock solution contains 1,00 mg of 

nitrite nitrogen (NO^-N) in each 1.0 ml of 

solution. ^ 



TRAINING 
GUIDE NOTES 
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Nitrate Nitrogen, Cadmium Redjjction Method ■ ' , 



OPERATING PROCEDURES 


STEP SEQUENCE 


INFORMATION/OFERATING GOALS/SPECIFICATIONS . 


TRAINING 
GUIDE NOTES 


B. Reagent Preparation 
(Continued) 

13. Nitrite Standard 
Solution 


1. Pipet 10.0 ml of nitrite 
stock solution into a 

1 liter volumetric flask. 

2. Dilute to volume with, 
distilled water- 

3. Store in a labeled 
container. 


la. This nitrite standard solution should be prepared 
fresh for each use. / 

lb. The nttrite stock solution should be a^ room 
temperature before using. 

Ic. Use a 10 ml volumetric pipet. 

3a. Use within 1 hour of preparation. 

3b. The nitrite standard solution contains 0.01 mg of 

nitrite nitrogen (NO«-N) in each 1.0 ml of 

solution. 




C. Reduction Column 
* Preparation 

1. Preparation of the 
Glass Column. 

363 


1. Construct a glass column 
by joining a 10 cm length • 
of 3 cm ID glass tubin9 
with a 25 cm length of 

3'. 5 m ID tubing using 
figure 1 as a guide. 

2. Loosely plug the delivery 
tip ;of the column with 
glass wool. 


la.- Figure 1 is at the end of the Equipment and 

Supply Requirements Sect.ion. 
lb. The column shown in Figure 1 was constructed by 

cutting both ^^nds off a 100 ml volumetric pipet 

as '•indicated. 
Ic. Fire polish all cut surfaces. 


1 
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EFFLUENT MONITORING PRQCEDURR : Determination of Nitrate-Nitrite Nitrogen and of 

Nitrate Nitrogen, Cadmium Reduction Method 



OPERATING PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



C. Roi^Mcbion Column 
Preparation 
(Continued) 

2. Preparation of 
Copperized 
Cadmium for 
Packing the 
Glass Column 
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1. Weigh aboutj^20 g of 
cadmium grartliles in a 
weighing boat. 



2. Transfer the cadmium to a 
400 ml beaker. 

3. Add enough dilute (6N) 
hydrochloric acid to 
cover the granules. 

4. Swirl the contents of the 
beaker. 

5. Pour off the acid while 
retaining the granules 
in the beaker. 



6. Add enough distilled water 
to cover the granules. 



la. This will be enough for one column.- 

lb.- Granulated cadmium (40-60 mesh) can be purch^ised. 

Ic. Alternatively, file sticks of pure cadmium metal 
(reagent grade) with a coarse ir.etal hand file 
(about second cut) and collect the fraction which 
passes a. sieve with 10 mesh openings and is re- 
tained on sieves with 40, then 60 mesh openings. 

Id. Handling cadmium is- hazardous , thus filing should 
be conducted under a hood using rubber gloves anc 
mask. ^ 

2a. A scupula and wash bottle with water is good for 
this. 



VIII. C. 2. Id 



5a. All decanting should be done into a container • 
equipped with a large funnel and filter paper 
so as^to catch all the small cadmium particles. 

5b; Use this filter paper for any subsequent cadmium 
washings. 
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OPERATING. PROCEDURES 



C. Reduction Criumn 
Preparatiorf 
(Continued) 
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STEP SEQUENCE 



7. Pour off the water while 
retaining the granuios 
the beaker. 

8. Repeat step^ and 7, 
above, two more^timos-so-- 
that thg granules receive 

. . totaV'of three dis- 
tilled water ^washings. 

9. Add 100 ml of the 2% 
. copper sulfate solution to 

the yranules and swirl for 
five minutes o» until the 
blue col r of the copper 
sulfate fades. 

10. Carefully decant off the 
solution leaving the 
copperized cadmium 
ora.iules in beaker. 

11. Repeat steps 9 and 10 
until a brown colloidal 
(very fine) precipitate 
of metallic copper does 
form. 

12. Waih the copper-cadmium 
at least 10 times with 
distilled water. 

13. Place the wasfied copper- 
' "cadmium on the 60 mesh 

sieve. 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



9a. A brown colloidal (very fine) precipitate of 
, metallic copper form. 



lOa^. Also decant' off through the filter paper any 
precipitate that formed. 



12a. All of the brown precipitated copper should be 
removed by washing 10 times but continue to 
wash if any rer^ains. 



TRAINING 
GUIDE NOTES 
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^FLUENT MONITORING PROCEDURF: Determination of Nitrate-Nitrite Nitrogen and of 

Nitrate Nitrogen, Cadmium Reduction Method 



OPERATING PROCEDURES 


STEP SEQUENCE 


INFORMATION/OPERATING GOALS/SPECIFICATIONS 


TRAINING 
GUIDE NOTES 


C. Reduction Column 
Preparation 
(Continued) 

- 


14. Pour water over the 
granules at least three 
times so that all the 
small particles will 
wash through the 60 mesh 
screen. 

15. Return meshed granules to 
the beaker. 

16. - Decant off excess water 

used to transfer the 
cadnium. 

17. Close the clamp on the 
column delivery tube. 

18. Fill the column almost to 
the top of the cup part 
with ammonium chloride- 
EOTA solution. 

19. Loosely fill the reduction 
column with copper cadmium 
granules to level about 
2 cm below the broad, 
cup-like section as shown 
in Figure 1. 


14a. Ho'^d the sieve over the filter paper during 
these washings. 

15a. Use a scupula and the wash bottle. 

18a. Use a graduated cylinder and very slowly pour the 
solution down the inside wall of this column so 
air pockets do not form. 

19a. Avoid tight packing of granules by allowing the 
granules co "float" down through the solution 
of anmonium chloride-EDTA. ^ 

19b. A glass stirring rod may be used to transfer the 
cadmium to the column. 

19c. For regeneration of column see training guide. 

19d. When column is not in use, fill it with ainmonium 
chJoride-EDTA solution so that the granules are 
covered with about 2.5 cm of solution above them. 


VII.C. 2.19c 
(p. 43) 
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Nitrate Nitrogen, Cadmiinn Reduction Method" 



OPERATING PROCEDURES 



C, Reduction Column 
Preparation 
(Continued) 



STEP SEQUENCE 



20, 



Open the screw '^l?nip and 
measure the flow rite of 
ammonium chloride- EDTA 
solution through tne 
column. 



D. Removal of 
Interferences 

1. Turbidity Removal 
(If Necessary) 
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INFORMATION/OPERATING GOALS/SPECIFICATIONS 



20a. 



20b. 
20c. 



20d. 



To calculate the flow rate, place a short 50 ml 
graduated cylinder under column and measure the 
amount of fluid collected in one minute. 
The flow rate should be between 7 ml and 
10 ml /minute. 

If the flow rate is too fast, tighten the screw 
clamp. If the clamp must be so tight that control 
is lost, add more copper cadmium granules to the 
column. 

If the flow rate is too slow, decrease the' length 
of the copper cadmium column until a flow rate of 
7-10 ml/minute is achieved. 



When the flow rate can be 
maintained between 7 ml 
and 10 ml/minute, drain 
off the ammonium chloride- 
EDTA solution until it is 
about 2.5 cm above the 
top of the granules. 



22. Close the screw clamp. 



1. Prior CO analysis, remove 
turbidity frcm samples 
by filtering through a 
0.45 u membrane filter. 



21a. When the column is not in use, the copper cadmium 
granules should be 'covered with ammonium chloride- 
EDTA solution so they do not dry out. 



la. If the turbidity is not removed by filtration, 
proceed as follows: Add 1 ml of the zinc 
sulfate solution to 100 ml of sample. Add 
enough 6 N sodium hydroxide to bring the pH to • 
10.5, (about 8 to 10 drops is usually sufficient) 
Lat the treated sample stand for 15 minutes. 
Filter through a 0.45 p membrane filter. 

lb. Suspended solids can clog the reductioa column. 



TRAINING 
GUIDE NOTES 



VI. D 

(p. 42) 



372 



FLUENT MONITORING PROCEDURE : Determination of Ni 



trate-NI trite Nitrogen and of 



Njtrate Nitrogen, Cadmium Reduction-Method 



OPERATING PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING GOAlS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



D. Removal of 
Interferences 
(Conti'nued) 

2. Oil and Grease 
Removal (If 
Necessary) 
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1. Prior to analysis, 
measure 100 ml of the 
sample (filtered sample 
if the original sample 
was turbid) into a 400 ml 
beaker. 

2. By dropwise addition, add 
sufficient concentrated 
hydrochloric acid (12 N) 
to bring che pH down to- 2, 

3. Place the^sample in a 
250 ml separatory funnel , 

4*. Add as ml of chloroform. 

5. Shake gently to extract 
the oils and grease into 
the chloroform layer. 



fer Allow the separatory 
funnel to stand until all 
of the chloroform layer 
settles to the bottom. 

7. Open the stopcock and 
allow the bottom (chloro- 
form) layer to pass into 
a 400 ml bpaker. 



le. Oil and grease can clog the reduction column 
and coat the Cu/Cd granules. 



2a. Use a pH meter in adjusting the pH to 2. 

2b. Standardize using standard buffer of pH ^=-4.00. 



5a. Carefully release the pressure after shaking 
gently so that no- sample is lost. This can be 
accomplished by inverting the separatory funnel 
and slowly opening the stopcock away from face 
and other people. 

6a. Place funnel in ring stand. 

6b. Remove stopper while layer is settling. 



7a. Grease and oils are extracted into chloroform 
layer leaving a grease-oil free sample which is 
used for analysis. 
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EFFLUENT MONITORING PROCEDURE: Determination of Nitrate-Nitrite Nitrtfgen and of 

Nitrate Nitrogen, Cadmium Reduction Method 

*. 



OPERATING PROCEDURES 


STEP SEQUENCE 


INFORMATION/OPERATING GOALS APFrTFTrATTnN<; 


TRAINING 
GUIDE NOTES 


^ D*. Removal of 
Interferences 
(Continued) 


8. Repeat steps 4, 5, 6, and 
7 with 25 ml of fresh 
chloroform. 


8a. The , second chloroform extract is added to the 
same beaker as the first extract. 




E. Preparation of 
^ Nitrate Working 
Standards 








1. Nitrate Working 
Standards 

• 


1. Prepare nitrate working 
standards by respectively 
pipetting the following 
volumes of nitrate 

btanaara oO|Utlon into 

each of six 100 ml 
volumetric flasks. 

Add This For This 
Volume of Concentra- 

Ultra tl on OT 

To FlfSk Standard NO3-N in 
No. Solution mg/1 


la. Label flasks. 

lb. Use appropriate volumetric pipets (0.5 ml, 1.0 ml. 

2.0 ml, 5.0 ml, 10.0 ml). 
Ic. The 0.00 solution which contains no nitrate (or 

nitrite) serves as the reagent blank for the 

nitrate samples and standards which aVe passed 

through the reduction column. 




4 


1 0.0 ml 0.00 

2 0.5 ml 0.05 

3 1.0 ml 0.10 

4 2,0 ml 0.20 

5 5.0 ml 0.50 

6 10.0 ml ^ * 1.00 






37j 


2. Dilute each of the flasks 
to volume with distilled 
water. 
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EFFLUENT MONITORING PROCEDURF: 



Determination of Nitrate-Nitrite Nitrogen and of 
Nitrate Nitrogen, Cadmium Reduction Method 



OPERATING PROCEDURES 



E. Preparation of 
Nitrate -Working 
Standards' (Continued) 



STEP SEQUENCE 



Use the working '.standards 
immediately after their 
preparation. 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAINING ' 
GUIDE NOTES 



F, Reduction of Nitrate 
' to Nitrite 

1. Adjustment of pH 



2. Activation of 
Column 
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Use a pH meter to adjust 
the pH of each of the 
working standards to 
between 5 and 9 either 
with concentrated hydro-, 
chloric acid or with 
concentrated ammonium 
hydroxide. 



1. Pipet 25.0 ml of working 
standard ^6 to a small 
Erlenmeyer flask. 



2. Add 75 ml of the dilute 
. ammonium chloride-EDTA 

solution to the same 
flask. 

3. Mix the yoyklr.i standard 
thoroughly by swirling 
the conten s of the flask, 

4. Place d'250 m^ beaker 
under the reduction 
column. 



la. Use'a beaker? small enough for this volume of * 

standard to cover the pH electrode(s) . 
lb. Make sure that the pH meter is calibrated within 

* this range. 
Ic. Use buffer solutions pH 4, pH 7, pH 10 to 

calibrate and check the meter. 
Id. This pH adjustment is necessary to insure that 

the pH is approximately 8.5 

(No- pH adjustment is necessary if the pH is 

already between 5 and 9.) 

la. Activation of column is necessary to prepare 
surfaces of Cu-Xd granules for reiu^tion process. 

lb. This stand'.rd is 1.00 "^g NO^-N/liter 
concentration. k 

Ic. A 250 ml flask is good for this purposes. 

2a. A 100 ml graduated cylin-^er is good for this 
purpose. 



4a. You will coTlect the reduced working standard 

in this beaker. ^ 
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OPERATING PROCEDURES 



Reduction of Nitrate 
to Nitrite 
(Continued) 



J 



rEP SEQUENCE 



5. Check that the* level of 
ammoniun chloride-EOTA 
^solution in the column is 
down to the top of the 
g[ranules. 

6. Pour the prepared nitrate^ 
workfr^ standard into the 

" reduction column. 

7. Using the screw clamp 
(see Figure 1) adjust the 
collection rate to 

7-10 ml per minute. ' 



8, Collect the reduced 
working standard until 
the level of solution, is 
0.5 cm above 'the top of 
the granules. 

9. Close the screw clamp to 
stop the flow. 

10. Discard the entire re- 
duced working standard, 

11. Measure about 40 ml of . 
ammonium chloride-EOTA 
solution. 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



5a. If the level is too high, drain the excess into 
the beaker. 



6a. Since the calumn will not hold the total amount, 
add the final amount after the , first 15 ml has ' 
^. /passed through the column. 

7a, The clamp should be slowly opened until a 
collectiop. rate of 7-10 ml per minute is 
achieve.d. 

7b. A collection rate of 7-10 ml of solution per 
minute should be caretully maintained throughout 
. the collection procesa/to assure complete re- 
duction of nitrate in the sample. 



10a. The. column is now activated. 



mMNING 
GUIDE NOTES' 
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EFFLUENT MONITORING PROCEDURR : npf orminaf m-* x .... . 

. Determination of Nitrate-Nitrite Nitrogen and of 
Nitrate Nitrogen, Cadmium Reduction Method 



OPERATING PROCEDURES 



F. Reduction of Nitrate 
to Nitrite 
(Continued) 



3. Reduction of 
Working Standards 
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STEP SEQUENr:E 



12, Pour the 40 ml into the 
^ column. - 

13. Repeat steps 8 and 9. 



K Pipet 25.0 ml of the 
lowest concentration of- 
nitrate working standard 

-into -a-small-Erlenmeyer — 

flask. 

2. Add' 75 ml of the dilute 
ammonium chloride-EDTA - 
solution to the same 
flask. 

3. Mix nitrate working stand- 
ard thoroughly by swirling 
the contents of the flask. 

4. Place a short graduated 
cylinder under the reduc- 
tion column. 

5. Pour the prepared nitrate 
working standard into the 

. reduction column. 

6. Using the screw clamp 
(see Figure 1) adjust the 
collection rate to 7-10 ml 
per minute. 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



13a. The nitrate standard should now be "washed off" 
the column. 

\ 

la. A 250 ml flask is good for this purpose, 
lb. Label the flask. 

Ic. Beg in w ith the 0.00 mg/l iter solution . 



2a. Use a 100 ml graduated^cylinder,. 



4a. You need to measure 25 ml' of solution in the 
graduate. 



5a. Since the column will not hold the total amount, 
add the final amount after the first 15 ml has 
passed through the column. 



6a. 



6b. 



The clamp should be slowly opened until a 
collection rate of 7-10 ml per minute is ' 
achieved. 

A collection rate of 7-10 ml of solution per 
minute should be- carefully maintained throughout 
the collection process to assure complete re- 
duction of the nitrate in the nitrate working 
standard. 



TRAINING 
WIDE NOTES 
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OPERATING PROCEDURES 



F. Reduction of Nitrate 
to Nitrite 
^ (Continued) 



Color Development of 
Reduced Nitrate 
Working Standards 



STEP SEQUENCE 



7. Discard the first 25 ml 
Of solution which is 
collected. 

8. Replace the graduate with 
the rinsed, air-dried 
flask used for this 
standard. 

9. Collectjhe remaining 
portion of the reduced 
standard in the original 
flask. 

10. Analyze the reduced 
" standard immediately 
after col lection- from • 
the reduction column. 



n. Repeat steps 1 through 10 
for each of the prepared 
working nitrate standards. 



Use a 50.0 ml piJpet to 
remove a 50.0 ml aliquot 
from flask #1 (0.00 mg/ 
liter NO3-N). 



fS3 



INFORMATION/OPERATTNG GOALS/SPECIFICATIONS- 



7a. This discard portion\ serves to "wash off" 
solution remaining irt. the column from any 
previous pass-throughi 



9a 



Close the sc.rewj:_lamp_when\the level of solution 
is about 0.5 cm above the -granules. 
9b. About 70 ml should be in the flask. 



10a. While one ^solution is passing \through the column 
you should proceed to color development of the 
previous solution that has already been reduced. 
Color development (Section G) must begin within 

^ 15 minutes after reduction*. 

11a. Proceed from the least concentrated to the most 

concentrated standard, 
lib. Label each receiver flask. 



la., By using a propipef the aliquot can remain in 
the pipet during the next two steps. 

lb. Aliquots of each of the working standards should 
have been passed through the reduction column as 

• dt'':ribed in the previous section (Sectloh F). 

Ic. The reduced working standards should be\ analyzed 
as soon as possible after the reductionAand In 
no case should they be allowed to stand for more 
than 15 minutes after reduction before color 
development is begun. 



TRAINING 
GUIDE NOTES 




1 
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FLUENT MONITORING PROCEDURE ; Determination of Nitrate-Nitrite Nitrogen and of 

Nitrate Nitrogen, Cadmium Reduction Method 



OPERATING PROCEDURES 



'i. Color DevelopmePc 
Reduced Nitrate 
Working Standards 
(Continued) 



of 



Analysis of Samples 
for Nitrate Reduced 
to Nitrite 

1- Dilution of 
Samples (if 
necessary) 



STEP SEQUENCE 



2. Discard the remainder of 
the nitrate reduced 
working standard. 

3. Shake flask dry, 

4. Add the 50.0 ml working 
standard bagk to same 
flask from which it was 
removed, ^ 



-5"Add"2T0-ml -of -the-^coTor~ 
reagent 'to the 50,0 ml 
of working standard, 

6, Mix thoroughly by 
swirling, 

7, Allow the working standard 
to stand until color 

^ develops. 



8, Repeat seeps 1 through 7 
for each of the reduced 
working standards. 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



3a. Do not rinse the flask, 

4a. If you find the technique in steps 1-4 too 
difficult, transfer the 50.0 ml to a different 
flask. 



5a. Use a 2;t) ml Volumetric^pipet. 



i 



1- Pi pet 25.0 ml of unknown 
sample ^nto-50 ml volu- 
metric flask. 



7a. The reduced working standard should be allowed 
to stand for at least 10 minutes but not more 
than two hours before doing Procedure L, 
Spectrophotometric Measurements. 

8a. Start with least concentrated solution and 

proceed to most concentrated. - 
8b. Rinse the 50.0 ml pipet thoroughly after each 

standard. 



la 



.Potable water samples will usujally require no 
dilution, while sewage samples may require 
dilution. 
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OPERATING PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



H. ijnalysis of Samples 
for Nitrate Reduced 
to Nitrite 
(Continued) 

2. Adjustment of pH 



Reduction of 
Nitrate to Nitrite 
In Samples 



4* Color Development 
In Samples 



2.. Dilute to volume with 
distilled water. ^ 



1. Use a pH meter to adjust 
the pK of each sample to 
between 5 and 9 either 
with confcentrated hy- 
drochloric acid or with 

-Ji_conceatreLted_aninonlum 

hydroxide. 



1. Allquots of each of the 
^samples should be passed 
through the reduction 
column as described In 
Procedure F.3, "Reduction 
of Working Standards." 

1 . Follow the steps 1n 
Procedure G, "Color " 
Development." 



2a. If you rteed to dilute a sample, you must apply a 
• dilution factor to the concentration found from " 
a standard curve. > 

n: 

la. Put the 50 ml of sample In a small beaker so 
the pH electrodefs) Is covered with solution. 

lb. Make sure that pH meter Is calibrated within 
this range. 

lc» Use buffer solutions pH 4, pH 7, pH 10 to call- 

. brate_and_xheck_lhe^meter. . 

Id. This pH adjustment Is necessary to Insure that 

the pH Is approx1mately-8.5 

(No pH adjustment Is necessary If the pH 1s- 

nlready^ between 5 and 9.) 



VII. H. 1.2a 
(p. 44), 



L Preparation of 
Nitrite Working 
Standards 

1. Nitrite Working 
Standards 
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Prepare nitrite working 
standards by respectively 
pipetting the following 
volumes of nitrite stand- 
ard solution ^nto each of 
six 100 ml volumetric 
flasks. 



la., Label flasks. 

lb. Use appropriate volumetric pipets (0.5 ml, 1.0 ml 
^ 2.0 ml, 5.0 ml, 10.0 ml). 

Ic. The 0.00 solution which contains no nitrite (or 
nitrate) serves as the reagent blank for the 
nitrite standards and samples that are not passed 
through the coluriin. 
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'ipgNT H0NITORlt<G PR3CEDURF 



Determination of Nitrate-Nitrite Nitrogen and of 
Nitrate Nitroger, Cadmium Reduction Method 



Operating procedures 



<P reparation of 
Nitrite Working 
Standards 
(Continued) . . 



To Flask 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



1. 

2 
3 
4 
5 
6 



Add This 
Volume of 
Nijtritfe • 
Standard 
Solution 

0.0 ml 
0.5 ml 
1.0 ml 
2.0 ml 
5.0 ml 
10.0 ml 



For This 
Concentra- 
tion of 
NO2-N in 



6.00 
0.05 
0.10 
0.20 
0.50 
1.00 



2. Adjustment of pH 



2. Dilute each of the flasks 
to volume with distilled 
water. , f 

3. Use the working standards 
, immediately af^er their 

preparation. 



to adjust 
of the 



1. Use a pH meter 

the pH of each .... 
workirjg standards to 
between 5 and ? either 
with, concentrated hydro- 
chloric acid or with 
concentrated ammonium 
hydroxide. 



r ! 



TRAINING 
GUIDE NOTES 



lb 
Ic 



la. Use a beaker small enouglj for this volume of 
standard to cover the pH'electrode(s).''* 
Make sure thafpH meter is calibrated within this 
range. . , j 

Use buffer solutions pH 4, pH 7, pH 10 to 
calibrate and check the ipeter. 
Id. This pH adjustment is nefessary to insure that 

. the pH is approximately $.5 
. (No pH adjustment is necfessary if the pH is 
, already between 5 and 9.1) 



7 
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EFFLUE^IT MONITORING PROCEDURE: 



Determination of Nitrate-Nitrite Nitrogen and'^of 
Nitrate Nitrogen, Cadmium Reduction Method 
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OPERATING PROCEDURES 



STEP SEQUENCE. 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



■TRAINING 
■GUIDE NOTES 



J. Color Development of 
'Nitrite Working 
Standards 
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1. Pipet 25.0 ml of each of 
the nitrite working 
standards into each of 
six clean 250 ml 
Erlenmeyer flasks. 

2. Add 75 ml of dilute 
ammonium chloride-EDTA 
solution to each of the 
nitrite working standards 

3. Mix each thoroughly by 
swirling each flask, 

•* 

4. Use a 50^0 ml pipet to 
remove a 50,0 ml aliquot 
from flask #1 (0.00 mg/ 
liter NOg-N), ' 

5. Discard the remainder of 
the standard from the 
flask. 

6. Shake the flajsk dry, 

t. Add the 50,0 ml . nitrite 
working standard back to 
the i;ame flasX from which 
it was remove'd, 

8. Add 2.0 ml of the color 
reagent to each nitrite 
working standard, 

9, Mix thoroughly by 
' /Swirling, 



la. Use a 25.0ml volumetric pipet, 
lb. Label each flask. 

Ic, The ni'trite working standards are not passed 
through the reduction column, ' 



2a, Use a 100 ml graduated cylinder. 



4a, By using a propipet the aliquot can remain in the 
pipet during the next two steps. 



6a. Do not rinse the flasjfi;\. 



8a, Use a 2,0 ml volumetric pipet. 
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LUENT MONITORING PROCEDURE.: 



Determination of Nitrate-ifffrlte Nitrogen ^nd of 
Nitrate Nitrogen, Cadmium Reduction Metho*. 



-i^r 



OPERATING P^ietEDURES ■ 


STEP SEQUENCE 


INFORMATION/OPERATING GOALS/SPECIFICATIONS 


TRAININ' 
GUIDE NOiES 


J. Col or -Development of 
Nitrite Working 
Standards (Continued) 


10. Allow the working stand- 
,ards to 'stand until color 
develops. ^ - ^ 


10a. At least 10 minutes but no more than 2 hours 
should be allowed before doing Procedure L, 
opectropnotometric Measurements. 






11. Repeat steps i through 10 
for each of the nitrite 
standards. 


11a. Proceed frof« the least concentrated to the most 

trated standard. 
' - ■ the E' 0<ml pipet thoroughly after each* 
^tanaara. 


-i 


K. Analysis of 
Nba-reduced 

oanipies TOT 

Nitrite 




/ " ■ 




J? PJlutlon.of 
Samples (If 
necessary) 


1. PI pet 25.0 ml of unknown 
sample Into^ 50 ml volu- 
metric flask. 


la. NOTE:- Potable water samples will usually 
require no dilution, while sewage samples 
may rejjulre dilution. 




, ' / 

2'. Adjustment offpH 

5 


2. Dilute to volume with' 
distilled water. 

1. Use a pH meter to adjust 
the pH of each sample to 
between' 5 and 9 either 
with concentrated hydro- 
chloric acid or with 
concentrated ammonium 

} I 


Jtifc^l"^ J° '^r"*^ ^^""'Pl^' """St apply 
dlli^n factor to get a final answer. 

la. Put thelchiO-of sample -In a small beaker so the 

pH electrode (sSiJs covered with solution, 
lb. Make sure that pFKmeter Is calibrated within 

tnis range. J 
Ic. Use buffer solutlt/ns pH 4, pH 7/ pH 10 to 

calibrate and, ch«k the meter. 
Id. This pK adjustmfent is necessary to insUre that 

the pH^is approximately 8.5 • . . 

(No pH adjustment is necessary if the dH Is 

already between 5 and 9.) 


> 

VII. K. 1.2a 

(p.' 44) . • 


3. Color Development 


1. PI pet 25.0 ml of sample 
Into a clean 250 ml 
Erlenmeyer flask. 


la. Use a 25.0 ml volumetr.lc pipet. ' ' 
lb. Label- toe flask, .^^r-" 
Ic. The sample is ndT^aSled through the reduction 
col umn . , 1 
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OPERATING PROCEDURES 



Analysis of 
Non-reduced 
Spmples for 
^litril:e (Continued) 



39j 



STEP SEQUENCE 



2. Add 75 ml of the dilute 
ammonium chloride-EDTA 
solution to the same 
flask. 



3 . Mix t he-samp^thorough^ 
by swirling. 

4. Use a 50,0 ml pipet to 
i%move a 50,0 ml aliquot 
from flask, 

5. Discard the remainder of 
the solution from the 
nask, 

6. Shake flask dry* , 

7» Add the 50,0 ml of sample 
' back to same flask fra.i 
which it was removed, 

8. Add 2,0 ml of the color 
reagent ;to the same flask 

9., Mix the sample thoroughly 
) by swirling, 

10, Allow the sample to stand 
Until color develops. 



11, Repee^t steps 1 through 
. 10 fbr each sariiple. 



INFORMATION/OPERATING GOAUSy^SPECIFICATIONS 



2a, Use a 100 ml graduated cylinder. 



4a, ^.By using a propipet the a'fequot can're?!iain in 
the pipet during the next ttio steps. 



6a, Do not rinse the flaski 



8a, Use a 2,0 ml volumetric pipet. 



10a, At least 10 minutes but no more than 2 hours 
should be allowed-^ before doing Procedure L, 
Spectrophotometric Measuremefits, - 

I 

11a. Rinse the 50.'Q ml pipat thoroughTy after e'iCh 
sample,' 



TRAINING 
GUIDE NOTES 



FFLUENT MONITORING PROCEDURE : 



Determination of Nitrate-Nitrite Nitrogen and of 
Nitrate Nitrogen, Cadmium Reductjon Method 



OPERATING PROCEDURES 



L. Spectrophotometrlc 
Measurements 

1. Adjusting the 
Instrument 



0 

ERIQ 



2. Rfidtjced Nitrate 
Standards and 
SebnpleCs) 



3. NonAreduced 
NitHlte Stand - 
ards\ahd 
Sainpt\e(s) 



397 



STEP SEQUENCE 



1. Consult the manufacturer's 
instructions for cali- • 
brating your particular 

• instruRient. 

/' 

2. Adjust-^ttie wavelen gth to 
540 nm. " " 

3. Check to make sure that 
the instrument reads 
infinite absorbance with 
no sample cell iji the 
instrument. 



1. Use the reduced nitrate 
ceagent^blank to adjust 
the instrument" to zerg" " 
absorbance. 

2. Measure and record the 
absorbance^ of eatfh re- - 
duced nitrate -working 
standard. 

3. Measure and record the 
absorbance for each 
reduced sample. 

K Use *f fie nitrite reagent 
blank (non-reduced) to 
adjust the instrument to 
zero absorbance. 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



la. Instrument must lie'^warmed up for at least 
10 minutes. 

lb. There is an EMP on "Use of a Spectrophotometer." 



3a. 



3b. 



la 



If it does not read infinite absorbance with no 
sample cell in it, adjust the instrument so that 
it does read infinite absorbance (see manu- 
facturer's instructions). 
Use on and off switch to calibrateMnf ,nite 
absorbance. 



Use 0.00. nitrate working standard reagent blank 
-Ik- passed through the column. 

Jb. Adjust to -zero absorbance using the ca;iibration 
knob. 

9 ✓ * 

2^, Use the nitrate working standards which have 

, been passed through the column. \\ 
2b: Use data sheet provided. 



3a. Use data sheet provided. 



Jk' a5! "^^^v^te working standard reagent .lank, 
lb. Adjust to zero absorbance using the calibration 
knob. 



TRAINING 
GUIDE NOTES 

\ 

\ 



- 
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OPERATING PKOCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



L.- Spectropho tome trie 
Measurements 
(Continued) 



-r 



Z. Measure ^nd record the 
absorbance of each non- 
reduced nitrite working 
standard. 

J' 

3. Measure and r^fcord the 
absorbance for each non- 



reduced sample. 



Preparation of 
Calibration Curve 
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■1. Obtain an 8J/2 x 11 inch 
piece of graph paper. 

2. Cibel the longer side as 
the concentration axis. 

Label the shorter side 
\* as the ebsorbajfics axis. 

Use .the abscrbanc^ value 
knd its corresponding ni- 
trate concentration for 
each of the nitrate working 
standards^to make a, plot of 
"absorbance \(6rSus 
concentration. 

5. On another piece of graph 
paper follow steps 1, 2, 3, 
and 4 using absorbance val- 
ues and the corresponding^ 
^"nitrite concentratjons'for 
ekhji£«the^ trite workfng 
Tftwtfafds. ■ ^ 



2a. Use data sheet provided. 



3a. Use data sheet provided. 



'IX.L.3.2a 
(p. 47) 

1 



2a. See Training Guide for an example of labeling 
the axis on a calibi'ation curve. 



4a. Use the absorbances and concentrations recorded 
on the data sheet in Column B, "Total NOg+NO^-N." 

4b. This will be the standard curve for reduced 
samples. ^"V- 



VII.M.2a 
(p. 45) 



IX.M.4av, 
(P^ 47^.; 



.5a. 

r 

5b. 



Use the absorbances and concentrations recorded 
on the data sheet in Column D, "NOg-N." 

Tbis will be the standard curve for non-reduced 
samples. ' . - 



IX.M.5a 
(p. '47) 
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Nitrate Nitrroen, Cadmium Reduction Method 
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OPERATING PROCEDURES 


STEP SEQUENCE 


INFORMATION/OPERATING GOALS/SPECIFICATIONS 


TRAINING 
GUIDE NOTES 


/ 


N. Checking Column 
Efficiency 


1. Divide the absorbance 
value for the 1.00 mg/ , 
liter NITRATE (NO^) 


la. The abbreviation, abs is used to stand for 
absorbance.'! 

{ 

/ 




M 




workiTig standard by the 
absorbance for the 1.00 
mg/liter NITRITE (NOg) 








working standard to 
obtain the column 
efficiencv_as' follows: 










abs of 1.00 mg/liter NO3 std 
abs of 1.00 mg/liter NOo std 

2. Divide the absorbance " 
.values for each of the 
other NITRATE (NO3) 


X TOO = % efficiency 

* 






' / 

J - ■ 


worKing stanaaras oy the 
absorbance value for the 
V corresponding NITRITE 
(NO2) working standard to 






* 


obtain a column efficiency 
value in each^.case as was 
done in the previous step. 






•V. 

\^ 


• 


3. Calculate the average 
va 1 uc Tor tne CO I umn 
efficiency. 

<■ 


3a., The average value for the column efficiency 
' should be between 96% a»id 104%. If the average 
% efficiency does not fall in this range, 
another cadmium reduction column should be 
prepared and tested until the average column 
efficiency does fall in this range. 

3b. For regeneration of a column* see Training 
Guide. 


VII. N. 3b 
(p. 43) 
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EFFLUENT MONITORING PROCEDURF; 



Determination of Nitrate-Nitrite Nitrogen and of 
Nitrate Nitrogen, Cadmium Reduction Method 



Page No, 7-38 



OPERATING PROCEDURES 



0. Determination of 
mg/liter Nitrite ' 
Nitrogen F^us Nitrate 
Nitrogen In. a Sample 



P, Determination o» 
mg/llter Nitrite 
Nitrogen- jn a Sample 
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\ STEP SEQUENCE 



Use the absorbance for " 
the reduced sample and 
the standard curve for 
reduced samples ("Total 
NO2+NO3-N") to obtain 

the mg/llter of nItrlte-N 
plus nItrate-N In the 
sample and record It 1rr~ 
Colimin (A) on the data 
sheet provided. 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



la, 
lb, 



If the sample was not diluted (25 ml of sample 
Is used), the mg/llter result Is read directly 
from the nitrate standard curve. 
If the concentration of nitrate In the sample 
Is too high for ahalyslsT^the) sample must be 
diluted. The procedure Is described In H,l and 
Involves diluting the sample to a 50 ml volume, 
-In„th1 s-case^the^mg/-l-i ten -resul t-f r-om-the-nitratc 
standard curve must be multiplied by a dilution 
factor which would be: 



Dllutlotr Factor = 



50 ml 

mV sample used in dilution 



Ic, 



Id, 



1. Use the absorbing for 
the nop-reduced Sample 
and the standard^ curve 
for, non-reduced samples 
("NOg-tN") to obtain the 

^mg/liter of nitrite-N inv^ 
th6 sample and record ^it'^* 
in Column (C) on the data 
sheet provided. 



The reduction process converts the nitrate-N 
^Initially present in the sample to nitrite 
nitrogen and the species analyzed is nitrite 
nitrogen. 

Any nitrite nitrogen initially present in the 
sample remains as nitrite nitrogen after the 
reduction. Thus the totaVnlfrite analyzed is^ 
the sum of the. nitrite InitMly present and/ 
the nitrite which has been fo^fed by reduction 
of nitrate. ' 



la. 



lb. 



If the saritp.le was.-notfdiifujte^f'^^ 
used), the mH'i^^f^i^W^^ riead' directly from 



l^M of sample is^ 



the nitrite staj^ai^d.^unv^. 
If tlje sample>.wAidilift^ to a 50 ml volume (as 
giverin H.lj.,^ite:^liter result read from the 
-ntwte standard qrn^ must be multiplied by a 
amtlon factor which would be: 



Dilution Factor = 



sampl 



50 



e use 



ution 



TRAINING 
GUIDE NOTES 



IX.O.la 
(p. 47) 



VII. 0.1b 
(p. 44) 



IX.P.la 
(p. 47) 

VII. P. lb 
(P- 44) 



FFLUENT MONITORING PROCEDURF : Determination of Nitrate-Nitrite Nitrogen and of 

Nitrate Nitrogen, Cadmium Reduction Method 



OPERATING PROCEDURES 



i 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



ERIC 



. Calculation of 
.mg/litef Nitrate 
Nitrogen in a Sample 



Calculation of 
mg/liter Nitrate 
in Sample 



Calculation of 
mg/liter Nitrite 
in Samples 
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K Subtract the mg/liter of 
nitrite-N in the sample 
from the mg/liter of 
nitrite-N pluS nitrate-N 
in the sample to obtain 
the concentration of 
nitrate-N, 



la. 



Since the procedure measures tha total nitrite 
concentration in a sample, the jiitrite concen- 
tration of samples must be determined before 
reduction and after reduction. The nitrate 
concentration of a sample is t^^dn determined by: 



NOj^N 



= (NO2+NO3-N) TOTAL . CNOp-N) BEFORE 

; AFTER ^ REDUCTION' 
' RE- 
^ DUC- 
. TION 

These concentrations were recorded on the data 
sheet in Columns (A) and (C) respectively. 



2, Record the answer in 
C61umn (E) on the data 
sheet provided. 



1, Multiply the'valufe found 
for nitrate-nitrogen 
(NO3-N) by a -factor of 

4,43/ 

2, Record the answer in 
, Column {?\ on the data 

sheet-provided; 



la, (NO3-N) X (4,43) = ing/liter Nitrate in sample, 
lb, NO3-N value was calculated in Procedure Q and 
recorded, in Column (E), 



'1, Multiply the value found 
for nitrite-nitrogen"' 
(NOg-N) by a factor of 

3,29, 

2, Record the answer in 
Column (G) on the data 
sheet provided. 



la. (NOg-N) X (3.29) = mg/liter Nitrite In sample. 

lb. NOg-N value is found by using the calibration 

curve for non-reduced samples as in Procedune P 
and recorded in CoT.imn (C). 



IX.Q.la 
(p. 47) 



IX. 
(p. 



R.lb 
47) 



S.lb 
47) 
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SECTION 
I*. 

III 
IV 
V 

VI* 

vu* 
•yiH* 

IX* 



TRAINING guide: 



TOPIC 



Introduction 

c 

.Educational Concepts - Mathematics 
Education^ Concepts - Science 
Educational Concepts * Communications 
Field and Laboratory Equipment 
Field and Laboratory Reagents 
Field and Laboratory Analysis* 
Safety 

Records and Reports 




♦Training guide matertaTs arie preso^^ fiere ynder the headings marked*. 
^Ttese standardized headings are u this series of procedures. 




^ » '^^^^^^^'-*~Deteminat1on'of"Nitme4t1t^^ and Nitraj 

Nitrogen, Cadmium Reductiof> Method^ 



INTRODUCTION 



Section j 



t'--~ 



TRAINING GUIDE NOTE 



The cadmium reduction procedure for nitrate-nitrite 
nitrogen provides a sensitive method for the deter- 
mination of nitrate singly, or nitrite and nitrate 
combined in drinking,, surface, and saline waters. 
The method is commonly used Xo determine^ both 
nitrate-N and nitrite-N in water samples. - 

The procedure.,described in this EMP is applicable 
for range of 0.01 to 1.0 mg/liter of .nitrate- 
nitrite nitrogen. However, the range may be 
extended by appropriate sample dilution. 

The test described in this, instruction can be found 
in the 1974 EPA Methods Manual on page 201, entitled 
Nitrogen, Nitrate-Nitrite (Cadmium Reduction Method) 
Another Yeference whic^ contains ah acceptable 
procedure for this test is on page 423 of the uth 
edition of Standard Methods. 

The major sources of nitrogen entering the environ- 
ment are: through the heavy application of nitrogen- 
ous fertilizers which cause 'agricultural runoffs, as 
the end products of aerobic stabilization of organic 
nitrogen, in domestic sewage, through arrt-Tial and 
plant processing wastes,- in animal manure, through 
the atmosphere and in various types of industrial 
effluents. 

While nitrogen is essential to our survival (as in 
the make-up. of amino acids and proteins); when it 
exists as nitrate and nitrite it can be toxic. A 
limit of 10 mg/1 nitrate-N and 1 mg/1 nitrite-N is 
recoipended'for public water sources. The desirable 
criteria is virtually 0 mg/liten 

.In ruminant animals, (i.e. cows) nitrates may be 
internally reduced by bacteria present in the rumen 
to nitrites. The nitrites have been^found to be tox- 
ic to these animals./ Dr. Joptha El Campbell, (Chief, 
Food Chemistry Unit, Milk and Food Research, Environ- 
rnental Sanitation Program, Public Health Service, 
U.S. Department of H.E.W., Cincinnati, Ohio, ^968) 
has reported methemoglobinemia in qattle receiving 
water containing 2.790 mg/liter of nitrate.. 

Nitrates in high concentrations have ^ilso been found 
to stimulate vegetative growth tunder favorable con- 
ditions. Heavy undesirable growth in fresh water can 
lead to eutrificatlon of important waterways. 
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REFERENCES/RESOURCE4. 



Method? for Chemical 
Analysis of Water and 
Wastes, 1974, EPA- 
f©QARL, Cincinnati, 
Ohio. 45268, p. 201. 

Standard Methods for the 
Examination of Water and 
Wastewater,' 14th ed., 
1976, APHA, New York,^ 
New York, p. 423; , 



Federal Water Pollution 
Control Administration 
Water Quality Criteria. 
U.S. Government Printing 
Office, Washington, D.C. 
1968. 
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EFFLUENT MONITORING PROCEDURE : Detemination of Hitrate-Nitrite Ni^,rogen and Nitrate 

Nitrogen. Cadmium Reduction Method 



FIELD AND LABORATORY REAGENTS 



Section VI 



TRAINING GUIDE NOTE 



REFERENCES/RESOURCES 



Samples should be analyzed for nitrate nitrogen as 
soon as possible after sampling to avoid any change 
in nitrogen balance due to biological activity. If 
analysts, can be made within 24 hours, the sample 
should *e preserved by refrigeration at 4^c, ' 
Samples sffould be preserved with sulfuric acid if 
they are to be held more than 24 hours. To pre- 
serve sairi^les for analysis, add 2,0 ml of con- 
centrated sulfuric acid perjiter of sample and 
store at 4^C. 
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FFlUEWrWOfflTORING-pROCEDURE r DetemlMtroTTorNi trate-NitKte"Trf trojen ard Nttfate 

. Nitrogen,* Cadmium fjeduction Method, > 



FIELD AND LABORATORY- ANALYSIS 



Section VII 



TRAINING GUIDE NOTE 



REFERENCES/RESOURCES 



C.2.19C 
N:3b 



^ Check the column efficiency when it is suspected 
that column efficiency is decreasing, as indicated 
by suspected low concentration levels. Prepane 
working standard nitrate solutions, and pass tjiem 
through the column. (Begin at E. Preparation'of 
Nitrate Working Standards.) If the absorbance for 
the known concentration does not give an average ^ 
between 96% and 104% of your standard curve value 
for reduced nitrate standards of equivalent concen- 
tratfon, the column must be reactivs^ted. 

REACTIVATION OF COLUMN 

1. Empty cadfifium granules from column into a clean 
beaker. 

2. Wash with distilled water 3 times, 

3. Add enough dilute HCl to cover granules, 

4. Swirl cUntentsT — r^- — 

5. Decant HCl. ' ' 

6. Wash with distilled water 3 times. 

7. Add 1.00 ml CuSO^ solution to granules. 

8. Swirl contents of beaker for approximately '5 
minutes until the blue color fades to colorless. 

9. Decant liquid leaving the granules. 

' ■ 
10. Repeat steps 7, a, and 9 unti^l a very fine 
brown-red precipitate forms. 

n. Wash granules with distilled water (approximately 
10 times) until precipitate is removed. 

12. Place granules on the 60 mesh sieve. 

13. Shake to remove the small ^particles (the particles 
which remain on the sieve are the ones you want.) 

< 

14. Repack column (packing must be-*loose). 

15. Standard curve using nitrate working standards 
must be re-established. 

16. Check column efficiencyas described in N, 
Checking Column Efficiency, 
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-EfFlH ENT M ONITO MNG-^ffflCCDURlEr -Oetemtnett^^ ani Nitratr ' 

/ ' Nitrogen^ Cadmium Reduction Method 



FIELD AND LABORATORY ANALYSIS 



Section VII 



HJ.2a 

O'Jb 
PJb 



TRAINING GUIDE NOTE 



Since a dilution is only part sample, when the 
absorbance reading obtained for it is converted to 
a concentration using a calibration curve, the 
concentration obtained is only that of the dilution. 
To obtain the mg/Hter concentration of. the sample, 
the mg/liter concentration of the dilution must be 
multiplie'd times the amount of dilution {mst be 
multiplied times the dilution factor)* For a 1/2 
dilution (25 ml sample/50 ml total volume) the 
/dilution factor would be 2 (the dilution is only half 
sample). For a 1/5 dilution {10 ml of sample/50 ml 
total volume) the dilution^actor^o.uld_be_5. Below 
is a table of some dilution factors when the~lample 
is diluted to a 50 fnl volume. 



REFERENCES/RESOURCES 



ml of Sample per Amount of Dilution 
50 ml Total Volume Dilution- Factor 



25 
10 

5 

1 

0.5 ^ 



1/2 


2 


1/5 


5 


1/10 


10 


1/50 


50 


1/100 


100 


—vmoo — 


^1000 



The dilution factor for any dilution may be calcu- 
lated by dividing the ml of sample used in the 
dilution into 50: 



Dilution Factor = 



50 ml 



. ml sample used' in ,dilution 



Ex. 2 ml of sample diluted to 50 ml 

The dilution factor for this dilution would be 25. 
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EFflUENT MONIT ORING PROCEDURE ;' Deteffliinatiori of Nitrate-Ni trite Nitrogen and Nitrate 

Nitrogen, Cadmium Reduction Method 



!eld and laboratory analysis 



H.2a 



Section VII 



TRAINING GUIDE NOTE 



A caVibration curve is prepared by plotting the 
measured absorbance of each of the workiriq 

standard versus the concentration in the working 
standard as shown below. '^"fMny 



I J I I I I I I I I I I I I I 



CONCENTRATION OF.NOs or NO2— N, mg/liter 



references/resources 



\ 



\ 
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I EFFLUENT MONITORING PROCEDURE: Determination- of Nitrate-Nitrite Nitrogen and Nitrate 

Nitrogen, Cadmium ReduCtion.Method 


1 . SAFETY- 




Section yill 




TRAINING GUIDE NOTE 


REFERENCES/RESOURCES 


r- . C.2.W 

> 

i ■> 


Cadmium metal Is highly toxic thus caution must be 
exercised In the use of cadmium. Cadmium metal 
should never be handled directly since cadmium has 
been shown to have cumulative effects. Rubber 
gloves should be used whenever cadmium must be 
handled. A mask should be worn during the filing of 
cadmium and the filing should be Jone In a hood. 
The waste cadmium should he disposed of in an 
appropriate manner vrtiich conforms to Federal , State 
and local pollution control regulations. 

9 


> 


f 










0 




\ 





Page No. 7-46 



413 



EFFLUENT MONI TORING PROCEDURE ; Determination of Nitrate-Nitrite Nitrogen and Wtrate 

Nitrogen, Cadmium-Reduction Method 



RECORDS AND REPORTS 



Section IX 



L2.2b 
N.4a 



L.3.2a 
M.5a 



0.1a 



P.la 



q.la 
RJb 
S.lb 



TRAINING GUIDE NOTE 



You win need the following Key to use the Example 
Data Sheet found on the next page: 



KEY TO DATA SHEET 

(B) Record the absorbances of the column-reduced 
nitrate working standards and of the column- 
reduced sample(s) in Column (B). 

(D) Record the absorbances of the non-reduced 
nitrite working standards and of the non-reduced 
sample(s) in Column (D). 

(A) Read the mg/liter (concentration) of 

Total NO2+NO3-N in the column-reduced sample(s). 

from the corresponding calibration curve and 
record the answer(s) in Column (A). 

(C) Read the mg/liter (concentration) of NOg-N in 

the non-reduced sample (s) froni the corcesponding 
calibration curve and record the answer(sT in 
Column (C). - . 

(E) Subtract: Value (A) - Value (C) = Value (E) 

(F) Multiply: Value (E) x 4.43 = Value (F) 

(G) Multiply: Value (C) x 3:29 = Value (G) 



REFERENCES/RESOURCES 



\ 
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EFFLUENT MONITORING PROCEDURE ; Determination of Nitrate-Nitrite' Nitrogen and Nitrate 

Nitrogen, Cadmium Reduction Method 



KbCUKDS AND KkPUKIS 



Section^IX^ 



EXAMPLE DATA SHEET 



See Key on -Page No. 7-47 



SAMPLE 
NUMBER 



mg/l1ter 
TOTAL- . 
NO2+NO3-N 

(A) 



ABSORBANCE 
OF TOTAL 
NO2+NO3-N 

(B) 



mg/liter 
NOg-N 

(C) 



ABSORBANCE 
NOg-N 

(D) 



mg/liter 
NO3-N 

(E) 



mg/liter 
NO3 

(F) 



mg/liter 
■ NO2 

(G) 



Reduced Nitrate 
Working Standards 




Non-reduced Nitrite 
Working Standards 




0.05 




0.16 



3, 



0.10 



0.33 



• 0.20 



0.66 



0.50 



1.65 



1.00 



3.29 



Non-reduced Sample(s} 
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lERIC 




! 0.40- 0.50 0.60 

CONCENTRATION OF NITRATE NITROGEN, mg/liter 



0.70 



0.80' 



0.90 



1.0C 
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A PROTOTYPE FOR DEVELOPME{rr Of' 
ROUTINE OPERATIONAL PROCEDURES. 

for,- the; 

DETERMINATION OF OIL AND GREASE 



V 



as applied in 

WASTEWATER TREATMENT FACILITIES 

and in the 
MONITOR IN&- OF EFFLUENT WASTEWATERS 



0 



National Training Center 
Municipal Operations and Training Division 
Office of Water Program ffpefaticins. 
U.S. Environmental, Protection Agency 



CH.og.EMPJb.^2.75 
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EFFLUENT HONi:t gpi NG PROCEDURE: Determination of Oil and Grease 



This* operational procedure was developed by: 

mz Charles R. Feldmann 
■'ADDRESS EPA-HPO-Na'tional Training Center, Cincinnati, OH 45268 

P'^SITION Chemist- Instructor - • 

/ i,CATION AND TECHNICAL BACKGROUND 

^ B»srl"- Ghemistry 

M - Chemistry 
1-1/2 years Industrial Chemist 
4 years additional Graduate Wljool . 
4 years college Chemistry Instructor 
1-1/2 years DHEW - Air Pollution Program, Chemist 
4-1/2 years DI - EPA, Chemist-Instructor 
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.EFFLUENT MONITORING PROCEDURE: Determination of Oil and Grease 



!• Analysis Objectives: 

The operator will be able to perform an oi/l^nd grease determination on 
',a sewage sample, 

, Z: Brief Description of Analysis: 

The sample is shaken in a separatory funnel with 1 ,1 ,2-trichloro-l ,2^2- 
trif uo^oethane, CgFjCU, Freon TF or Geno.lsov D, The solvent and water do 
not dissolve in , each otner, and after the .shaking, they separate and fom 
two layers, wi-th the solvent on the bott<H!i. During_^the shaking, the oil 
and grease are taken from the water layer into the solvent layer^ because 
the oil and grease are more soluble in the solvent than in water. The solvent 
' is transferred to a previously weighed r^istilling flask. This process 
.of sfhaking^ the water with so/vent, th Ving of the oil and grease inta 
the solvent, and the separation of tht vent, .% called extraction^ The 
-extraction is repeated two more times, tl three soNent portions are 
combined in the distilling flask and evaporated. The flask' is again 
weighed. The Increase in weight is due to thecoil and grease in^the . 
sample, " 

The method cannot distinguish between oil and grease, because both are \ 
^ soluble in the solvent. The two components are treated as one. Other solvent 
soluble ffiaterials may also he present and contribute to a result '•higher o^^, 
. than it should be, v 

3. Applicability o.f this Procedure: - ' 

a. Range of Concentnation^: 

5 to 1000 mg/liter extractable material 

b. Pretrea':ir,ent of Samples: 

The Federal Register Guideline: do not specify any pretreatment, 

c. Treatment of Interferences in Samples: 

The Source of Procedure* does not note any interferences to this 
determination, 

4? 



^Source of Procedure: Methods for Chemical Analysis of Water and Wastes, 1974, 
Environmental Protection Agency, Methods Development ind Quality Assurance 
, Research Laboratory, Cincinnati, Ohio, p, 229 " 
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EFFLUENT MONITORING PROCEDURE: Determination of Oil and Grease 

General Description of Equipment Used in the Process 
.A. Capital '* 

1. Analytical balance (200 g capacity) 

2. Still ^ or other source of distilled water^ 

3. Source. of vacuum (water aspirator or vacuum pump) , 

4. Hot water bath (80**C temperature needed) ^ 

5. Oven (103**C temperature needed) 

6. Refrigerator, 4**C (for storing samples which will not immediately 
be analyzed after collection) 

7. Hot plate (must have continuous setting between its lower and 
upper limit; cannot have only low, medium and high settings) 

8. Steam bath (large enough to acconmodate at least 1 distilling 
flask, 125 ml size) 

B. iSfeu sable 

1. Brushes (for cleaning glassware) 

2: Brush (for cleaning , balance) 

3. Laboratory oron 

4. Safety glasses ^^r- ^ 

5. Pen or pencil ' 

6. Notebook (for recording data) 

7. Centigrade thermometer (forsaking readings at 70**C and SO'^C) 

8. Distilling flask, 125 ml, with a 24/40 ground glass neck (Corning \ 
number 410(l'^is an example) Orjp flask is used for each determination. 

9. Glass stoppered bottle, *1 liter ^^^^ 
10. Grease-pencil (for marking bottle) , 

, 11. Desiccator (large enough to hold at least one 125 ml distilling 

• flask) 

12. Crucible tongs (may be used in place of lintless tissues') 

13. Graduated cylinders, 10 ml and 50 ml 

14. Erlenmeyer flask, 125- .1 

15. Glass stoppered bottle, 50 ml capacity 

16. Ring stand- 

17. Funnel, 60^, 100-150 mm 

18. Ring (to support .the funnel) 

19. Se^aratory funneV'With Teflon stopcock, 2 liter 

20. Ring (to support the separatory funnel) 

21. Clamp (to fit neck of distilling flask) 

22. Rubber stopper and glass tubing for preparing suction device;, 
see figure 2 

23. Beakers, 1000 ml (1), 100-150 ml (2) 

24. Glass Stoppered bottle (for storing cleaning solution if prepared) 

25. Beaker, 250 ml (for preparing cleaning solution) 
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EFFLUENT MONITORING PROCEDURE: Determination of Oil and Grease 

# 

B. Reusable (Copt^d.) * ^ 

26. Rubber stopper to fit the distilling flask, it^Ts^above; see 

figure 2. ^ 
*27. Fifteen Inches of pyrex glass tubing (6 mm size); see figure 2 

28. -Gas and laboratory burner to bend the glass tubing; see figure' 2 

29. File to cut. the glass tubing; see figure 2 ' 

C. Consumable 

■ ^' S?H^"Jr?*??.tS!^^"''^L*^^''».^'25°4' concentrated hydrochloric 
acid, HCl. (Either acid may be usSd In the .determination. Con- 
9 S sulfuric V Id,. HgSO., may be needed for cleaning glassware.) 

2. Sodium dichromate,.Ha2Cr.O^ (for cleaning glassware) 

3. Detergent (for cleanlfig giAssware) - 

4. l,l,2-tr1chloro-l,2,2-tr1fluoroethane* 

5. peslccant (enough to cover the bottom of the desiccator) 
5. Llntl ess tissues (may be used In place of crucible tongs) 

7. Whatman number 40^ filter paper (to fit the funnel in 3.17) 

8. pH sensitive paper (for measurement at pH 2) 

9. Anhydrous sodium sulfate, NaoSO. 
10. Matches ^ 4 



?J * 5?"^''*^ "^""^ "S^'' I- DuPont de Nemours. Inc 

^ KLn ?n °'tp'?^'^!!*\ specific "rades of * 

2"u^^?;, ''^^^er of the two. Rjr.osolv D is the namp 

F^eSnVlJ^f-'' ^^"f^i} above sSlvent Either 

Freon TF or (.enosolv D may be used in the determination. 



EFrLUEilT MONITORING PROCEDURE: Detenni nation of Oil and Grease 



SEPARATORY 
FUNNEL 

RING 



TEFLON 
STOPCOCK 

FILTER 
PAPER 

SMALL 
FUNNEL 

DISTILLING 
FLASK 
125ml 




RING 
STAND 



FSGURE 1 
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EFFLUENT MONITORING PROCEDURE: Determination of Oil and Grease 



GLASS 
TUBING 

RUBBER 
STOPPER ^ ^ 

DISTILLING 
FLASK 
125mi 





TO 

VACUUM 



FIGURE 2 
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OPERATING PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



A. Equipment 
Preparation 

1. Cleaning of 
glassware 



2. Sample container 



1. Clean the 125 ml distilling 
flask and all other 
glassware. 

2. Rinse all of the glassware 
with distilled water. 

3. Allow all of the glassware 
to drain dry. 

4. Rinse the 125 Tnl distilling 
flask with 20 ml of 
l,l,2-trichloro-l,2, 

2-trifluoroethane (Freon 
TF or Genosolv D. 

5. Allo^Cif^^the flask to drain 
dry. I \ 

1. Pourh liter of distilled 
water into a 1 Hter glass 
stoppered bottle. 

2. Place a grease pencil mark 
on the outside of the 
bottle at the 1 liter level 



3/& 



Empty the water. 



(p. 24) 
V.A.I. 1 
(p. 25) 



4a. For the remaindsr of this proce^dure the symbol 

TF/D will be u!;ed to mean this particular solvent, 
4b. Use a graduated cylinder to measure the TF/D, 



5a, Proceed with preparation of the sample container 
and desiccator while waiting. 

la. Measure the water with a graduated cylinder, 

500 ml or lOOO-ml-si^e-; — " ' 



2a. There must be at least 1 inch space between the 
bottom of the glass stppper and the surface of 
' the water. 

2b. So that no oil will be lost by clinging to the 
stopper, 

2c. And to allow room for the addition of reagents 

later in the determination. 
2d. If there^is less than 1 inch space, a larger 

bottle (marked at the l^liter level) must be used 



V.A.I, 4 
(p. 26) 
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EFFLUENT MONITORING PROCEDURR; Determination of Oil and Grease 



OPERATING PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



A. Equipment Preparation 
(continued) 



3. Desiccator 



4. Dis\l1ing flask 



5. Stopper and glass 
tubing suction 
fitting 



431 



4. Allow the bottle to drain 
thoroughly. 

5. Rinse the glass stoppered 
bottle with about 20 ml of 
TF/D. 

6. Hold the bottle upside down 

7. Lean tbe bottle up against 
some part of the laboratory 
bench top. 



1 . Prepare a desiccator for 
use. 



5a. 



1. Wipe the clean dry 125 ml . 
distilling flask thoroughly 
with lintless tissues. 



2. Dry the ^lask in an oven. 

3. Cool the flask in a 
desiccator. 

1. Drill 2 holes ^^\ the rubber 
stopper. 



7a, 
7d, 
7c. 



la. 
lb. 
Ic. 



la. 
lb. 



This TF/D may be disposed of by pouring It into a 
small beaker and allowing it to evaporate in a 
well ventilated area. 



Make sure the bottle will not fall over. 
The bottle should not be standing vertically. 
The heavy TF/D vapors must be able to escape 
from the mouth of the bottle. 

It must be large enough to hold at least one 
125 ml distilling flask. 
The desiccator size will depend on the nwnber 
of flasks to be held. 

One flask is required for each sample and blank 
determination. 

To remove all finger prints. 
From this step on, until the determination has 
been completed >" 7l ways hangTe^ the flask wltF~ 
lintles' ; tissues or crucible tongs . 



2a. For 1 hour at 103^C. 
3a. For 30 minutes. 

3b. Store the flask in the desiccator until needed. 

la. To accommodate the 6 mm glass tubing; see figure 
2 • 



432 



4 



Page ^o. 8-11 



EFFhUEKT MONITORING iPROCEDURF: Determination of Oil and Grease 



Page No. 8-12 



OPERATING PROCEDURES , 


STEP SEQUENCE 


INF0RMATI0N/0PEfy\TIN6 GOALS/SPECIFICATIfiNS 


TRAINING "~ 
GUIDE NOTES 


M. tquipment rreparation 
^ (cQ»tinued) 


c. tut, Dena, and fire polish 
the glass tubing/ 


' 2a. See figure 2. ' * 




• 


3.. Insert it tKrougfi £he 
ho.les in the rubber 
stopper. 


3a. See figure 2. . 




B, Reagent Preparation' 








1. Sulfuric acid; 
HgSO^, 50% by 

volume 


1. Measure 10 ml of distilled 
water, ^ 

2. Pour it into a 125 ml 
Erlenmeyer flask. 


Ad. Use a graduated cylinder. 


0 

9 
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t 



natS'on of Oil and Grease 



OPERATING PRCCEDUr<tS 



B. Reagent Preparation 
(continued) 



4ip 



C« Sample 

K Collection 
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STEP SEQUENCE 



3. Measure 10 ml of concen- 
trated sulfuric acid, 
.HgSO^. 

4. Pour about 1/2 of the. acid 
slowly down the inside of 
the Erlenmeyer flask. * 

5. Gently swirl the flasl^t'^ , 
mix. . ' 

6. Pour the rest of the acid 
'into the Hask. . 

7. Gently swirl t'ne flask. to ; 
mix. 

8. Allow the mlTrti^re to cool 
to room temperaolnte. . ^ 

9. Store the 50% sulfuric acid 
" stoppered bo^ttle.' J 



1. Fill the glass stoppered 
bottle to th« 1 liter.mertMc 
with sample^ / n 

2. ^Measure 5 nl c; 50% by voV 
ume sulfuric acid, H2S0^. 

3. Add the acid*, to the sample 
bottle. 

4. Gently swirl the bottle to 
Mix the acid and sample. 



INFORMATION/OPERATIN&- GOALS/SPECIFICATIONS 



3a. Use^a ^raduated 'cylinder. * 
3b. Concentrated hydrochloric acid, HCl , may te 
substituted for the concentrated sulfuric acid, 

4a. Caution: Heat will be generated. 



6a/.Caution: Heat will be gerierated. 



•9a. ^f about 50 mlvcapacit> 
_5kv/.tyA JDL arjB , needed^ for_€*^cl^^ . 



9c.^larger quantities of the 50% Vcid^"( hydrochloric 
may be substituted) may be prepared if needed-. - 



la. Collect the sample directly in the'bottle so as to 
minimize loss of til/grease by thfe use' of an 
i ntermediate conttfinerr ' ^ . . ^ ^ 

2a. Use a gradua-ted cylinder. ■ 
2b. Fifty percent by Voltime hy)Jrcchloric acid, HCl. 
may be substituted. ' , ' 



TRAINING 
GUIDE NOTES 



V.C.I. 



'436 



Page Ho. 8-13 



Paqe No. 8-14 

EFFLUEMT MONITORING PROCEDURE ; Determination of Oil and Grease 



OPERATING PROCEDURES 


STEP SEQUENCE 


INFORMATION/OPERATING mLS/$PECIPICATIO^S 


TRAINING 
GUIDE NOTES 


C. Sample 
(continued) 


'% 

5. - Check the pH of the acidi-, 
• fied sample. 

6. If the pH is not 2 or less, 
add 5-10 more. drops of the 
50% acid. 


5a. Use pH sensitive' paper. 
5b. The pH must be 2 or less. 

'4.* 




. 2. Preservation 


7. Swirl the bot and again 
" cfieck the pH uefore. 

1. If the analysis will -not be 
viuiic iiiiiieu idtei'yy Store the 
acidified sample in a re-^'^ 
friqerator at 4«n. 


7a. With the stopper off. 

.J^ 2' addition, mixing, and pH'theck 
until the pH is 2 or less. ^ 

la. For no Tbnger than 24 hours. Otherwise, the 
analytical result may be unreliable. 




D. Procedure 




I. 




V» Extraction^ 


1. Mount a 2 li|:er separatory 
funnel on a ring stand. 


la. The separatory funnel should have'a Teflon 

^ stopcock, 
lb. Use a ring. 






2. Tighten the screw or clamp 
which holds the *?topcock in 
plate. 


2a. A loose stopcock can cause loss of the' sample 
by leakage. 






3. Close the stopcock. 

4. Pour the acidified sample 
into the separatory funnel.* 

5; Measure 30 m] of TF/D. 


V 

• 

4a. Use a funnel of about 75 mm diameter. 
5a. ^ graduatedliylinder'! 
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6. Pour it into the sample 
bottle. • ^ 

7. Swirl the sample bottle. 

V 


7a. To thoroughly rinse the inside of the bottle 
with the TF/D. 

«... 
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OPERATING PROCEDURES - 



D.. Procedure 
(continued) 



STEP SEQUENCE 
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8, Pour the TF/D from the 
sample bottle tnto the 

-separatory funnel. 

9, Stopper the ^ funnel. 

10, Hoi ding, one ^hanchoveFthr 
. ^stoppefT'Tift the funnel 
out of the ring stand, 

11- Carefully turn the funnel 
upside down. 

12. Slowly open *the stopcock. 

13. Close the stopcock., 

14. Shake the funnel gently for 
about 5 seconds. 

15. Slowly open the stoDcock. 

16. Close the stopcock. 

17. Shake the. flask gently for 
about 5 seconds. 

18. Slowly open the stopcock. 

19. Close the stopcock. 

20. Shake the funnel vigorously 
for 2 minutes. 

21. Place the separatory funnel 
back in the ring stand. 



INF0PJ1ATI0N/0PERATING GOALS/SPECIFICATIONS 



8a. Pour the TF/D carefully so that any solids 
present are transferred to the separatory^ 
funnel . _ ^ — — ' ' 



11a. The stopper >is oointed down. Be sure the tip 
of the funnel is not pointed toward your face, 

12a. A hissing sound may be tieard. 



15a. A hissing sound may be heard. 



TRAINING 
GUIDE NOTES 



18a. A hissing sound may be heardi 
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EFFLUENT MONITORING PROCEDURE; 



Determination of Oil and vJrease. '''9® ^' ^"^^ 



OPERATING PROCEDURES 



D. Procedure 
(continued) 



41i 



STEP SEQUENCE 



22. Rerrove the stopper. 

23. Allow the TF/D and water 
layers to separate. 



24. While the layers are 
separating, weigh the 
125 ml distming flask. 

25. Mount a eo*" funnel (about 
50 inn size) under the^tlp 
of the separatory funnel . 

26. Fold i piece of Whatman 
number 40 filter paper to 
fit Into the small funnel. 

27. Place It In the funnel. 

28. Place a 100-150 ml beaker 
under the tip of the small 
funnel . — ^ 

29. Pour about 10 ml of TF/D 
Into a second 100-150'n1 
beakfer. 

30. Slowly pour the TF/D into 
the small funnel. 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



23a. The TF/D layer will be under the water layer. 
23b. There may be some bubbles at the point where the 

water and TF/D layers meet. 
23c. These bubbles should br6ak after a few minutes 
standing. 

23d. If the shaking was extremely vigorous, an emulsion 
may have formed; that is, the water and TF/D 
molecules are so well mixed that they will sepa- 
rate only after long standing. 

24a. Which had been stored In the desiccator. 

24b. See the example data sheet on page 2/. 

24c. Use an analytical balance to weigh the* flask. 

25a. The tip of the separatory funnel should extend 
down about one-half inch into the separatory 
funnel . . ' - . 

26a. The size of the filter pa'pet;, wi'1 depend on the 
size of the funnel . - 



30a. Th3 entire surface- of the filter paper must be 
wet. 

30b. The TF/D will evaporate from the filter paper 
rapidly. 



TRAINING 
GUIDE NOTES 
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OPERATING PROCEDURES 



D. Procedure (continued) 
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STEP SEQUENCE 



31. When all of the TF/D has 
drained. through the small 
funnel , the TF/D may be 
disposed of. 

32. Place the previously 
weighed distilling flask 
under the tip of the 
smal 1 funnel . 

33. Examine the separatory 
funnel and note whether the 
TF/D and water layers have 
separated so to form a 
sharp line between the two 
layers. 

34. If they have not, pour 
about 1 g. of anhydrous 
sodium sulfate, Na2S0^, 
into the small funnel. 



35. Open the stopcock on the 
separatory funnel slowly. 



3f ,nen the water layer is 
about to enter the hole 
through the stopcock, close 
the stopcock. 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



31a. By evaporation in a well ventilated area. 



32a. The tip of the small funnel should extend down 
iJito the neck of the flask about 1 inch (see 
figure 1). 



33a, 
33b. 



34a. 
34b. 
34c. 



35a, 



No clear answer can be given as to how long the 
Irvers may take to separate. As little as a few 
minutes may suffice, • 

About one-half hour would be the longest practical 
time .one should wait before deciding to use the 
anhydrous sodium sulfate, NagSO^ (see step 34). 

Estimate the 1 g. 

Omit step 34 if the two layers have separated. 
If there is doubt as to whether or not the two 
layers have separated properly, use the anhydrous 
sodium sulfate, NagSO^. 

The TF/D should flow slowly from the separatory 
funnel into the small funnel, through the sodium 
sulfate (if used), through the filter paper, and 
into the distilling flask. ^ ^ » a 



36a, A drop or two of the TF/D should remain in the 

funnel with the sample. 
P6b. There may be some scum clinging to the inside walls 
of the separatory funnel. It should bp left in ^ 
the separatory funnpl. 



Page No, 8 



TRAINING 
GUIDE NOTES 
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OPERATING PROCEDURES 



D. Procedure 
(continued) 



STEP SEQUENCE 



37. Repeat steps 5 through 23. 

38. Place the small funnel (thi 
same one used before) and 
filter paper under the tip 
of the separatory funnel . 



39. Place the distilling flask 
under the tip of the small 
funnel . 



40. Repeat steps 35 dnd 36. 

41. Repeat steps 5 through 23. 

42. Repeat steps 38 and 39. 

43. Repeat steps 35 and 36. 



44. Pour about 10 ml of TF/D 
into a small beaker. 

45. Pour a few drops of the 
Freonion the tip of the 
separatory funrfel. 

46. Pour the rest of the TF/D 
slowly around the Inside of 
the,sma.l1 funnel. 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



37a. The sample is still in the separ-atory funnel ."^ 



38a. 
38b. 

39a. 
39b. 



If anhydrous sodium su'^fate, NagSO^* was usejl 
in the first filtration, it is not necessary 
to remove it from the small funnel, even if 
the TF/D and water layers have cleanly separated 
If anhydrous sodium sulfate, Na«SO- was not used 
in the first filtration, it may be%ecessary to 
use it now, if the TF/D and water layers have 
not cleanly separated. 

The tip of the small funnel should extend down 
into the distilling flack about 1 inch. 
The TF/D from the first extraction is still in 
the flask. 



41a. The sample is still in the separatory funnel. 
42a. 



43a. 



The TF/D from the second extraction is also 
still in the f1a§k. 

The distillation flask now contains the TF/D froir 
all three extractions. 



44a. The same one used In step 28 or 29* 
45a. 



To'rinse down any TF/D which may contain oil and 
grease. 



46a. The filter paper and sodium sulfate, if used, wil 
i)e washed. 

46b. The washings will pass into the distilling flask. 



TRAINING 
GUIDE NOTES 
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OPERATING PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS. 



TRAINING 
GUIDE NOTES 



D. Procedure 
(continued) 



2. .TF/D removal 



47. The sample, sodium sulfate, 
> NagSO^, (if used), and 

filter paper may now be 
discarded. 



1. Fill a 1 liter beaker half 
full with tap water. 



2. Place the beaker on a hot 
plate. 



3. Turn on the hot plate. 

4. Adjust the hot plate so the 
temperature of the water is 
70^C. 



5. Support the flask in the 
70^C water. 



6. While the TF/D is evapo- 
rating, set a s,teani bath iat 
80^C: 



47a.^The sample remaining In the separator/ funnel 
after vextract ion can be discarded now. 



la. The TF/D rernoval may be done in one of two ways. 
The method deser^iUed in the remainder of this 
procedure involves evaporation, and therefore 
loss, of the TF/D. 

lb. If the TF/D is distilled off, the TF/D may be 
recovered for reuse. The source of neat for the 
distillation should be a beaker of 70''C water on 
a hot plate, .While the TF/D is distilling off, 
proceed with step 5 (see figure 3). 

2a. In a hood or other extremely well ventilated area, 
2b. A hood is preferable because of the danger of 
inhaling TF/D fumes. 



4a. Check the temperature^ with a thermometer. 
'4b. Because of air currents, it will probably not be 

possible to maintain the temperature at exactly 

70^0. 

5a. Use a clamp and ring stand. 

5b. Thf lower third of the flask should be in the 

wat'^r. ' ' - [ 
5c. The TF/D' will/ begin to boil and evaporate. 
5d. If severatv'dateriniriations Jre being done at 

ohce^ a Var^er water bath will be required. 

'•'*6a. It will 1. take ;about' 30 minutes for the TF/D to 
V : evaporate at 70'*C. 

6b.'' Use a thermometer to check the temperature. 



ERJC 
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OPERATING PROCEDURES 



D. Procedure 
' (continued) 



1\ 



r 



: ' - E. -FinaV Weighing 

t * » 

* . — — ^ 



. STEP SEQUE^Ct 



7., Af.ter the TF/D has evapo- 
^ 'rated at 7(i^C, Vlafce the 
' flask In the 8T)°C steam 
^--^^bath; 



'8. Heat the flask for 15. 
mlnutiss. 

9. Remove the, flask from the 
steam bath. 

10. Support *the flask by means 
of a clamp and ring star\d^' 

11. Attach the stoppr with 
glass tubing (see figure 2) 

12. Apply suction to the flask 
for 1 minute, 

13. Wipe the outside of the 
flask^ thoroughly with 
llntless tissues. 

14. Place the flask in a ' . 
desiccator to cool. 



1;. Remove the flask from the. 
^desiccator. 

2. Weigh ' ' 



i;]fORMATION/OPERA GOALS/SPECIFlCATJONS 



7a. Because of air curtbnts, it will probably net be 

possible to maintain a temperature of exactly 
• 80°C. / - » , • • 

7b. Only 'the lowers third *pf the-flasic should be 
heated. * ^ 



12a. While the flask is still warm. 

13a. To remove grease Which may have been in the water 
of either of the two bat^s. 

14a. For ,30 minutes. . ... 




balance, as before. 



-TRAINING- 
GUIDE NOTES 
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OPFRATING PK'JCEDURES 



F. 31anks 



STEP SEQUENCE 



1. Clean a 125 ml distilling 
flask. 



2. Rinse it with TF/D. 

3. Wipe it with lintless 
tissues. 

4. Dry' it at 103^C. 



5. Cool it 1n a desiccator. 

6. Weigh it. 

7. Measure 100 ml of TF/D. 

8. Pour it into the distilling 
flask. 

9. Evaporate the TF/D. 

10. Ccol the flask in the 
desiccator. 

11. Weigh it. 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



la. The same type as was used in the procedure, 
lb. Steps 1 through 11 should be carried oi^t in 
manner as was used in the- procedure. 



same 



4a; For 30 minutes, 

4b. Stand the flask upside down in the oven so the 
heavy TF/D vapors will escape. 

6a. Use an analytical balance. 
7a. Use a graduated cylinder. 

9d. Use the same technique as for the sample. 



11a. The initial and final weiahts should be within 
0.0002 g of each other. (This difference was 
suggested by the £PA laboratory which wrote the 
1974 EPA oil and grease method of analysis.) 

lib. If the two weights are not within 0.2 mg of each 
other, check for faulty' laboratory techniques. 



TRAINING 
GUIDE NOTES 
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OPERATING PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



F* Blank? (continued) 



12. Calcflate the value of- the 
blank. 



12a. Blank, D=-E-F 

D = value of the blank in grams 
E = weight of the flask after evaporation of the 

100 ml of TF/D (in grams) 
F =* weight of the empty flask (in grams) 
12b. Example calculation: 

Weight of the flask after evaporation of the 
100 ml of TF/D (E) = 54.6961 g 
Weight of the empty-flask (F) = 54.6959 g 
Blank, D = 54.6961 g-54.6959 g 0.0002 g 



G. Calculations 



1. Calculate the mg of oil and 
grease per liter of sample. 



la. 



mg of oil and grease per liter of sample = 
[(A-B)-D] X 1000 X 1000/C 
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lb. A. = the weight of the distilling flask + the 
oil/grease residue (in grams) 
L = the weight of the empty distilling flask 
(in grams) 

1000 = a conversion factor to change milliliters 
to liters 

1000 = a conversion factor to change grams to 
milligrams 

C = milliliters of sample ^' 
D = value of blank (in grams); see F.12 for the 
calculation 
Ic. Example calculation: 

Weight of flask and the oil/greese 
residual 54.7803 g (A) 
Weight of empty flask = 54.6961 g (B) 
Volume of sample = ' "00 ml ^C) 
Value of blank = 0.0002 g (D) 

[(54.7803^54.6961 )>0.0002] x 1000 x lOOO '' p. ^ 
1000 ^^'^ 
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EFFLUENT MONITORING PROCEDURES: Determination of Oil and Grease 

- TRAINING GUIDE 

SECTION TOPIC 

I* Introduction 

II Educational Concepts - Mathematics 

III Educational Concepts - Science 

IV Educational Concepts - Comnunications 
V* Field and Laboratory Equipment 

VI Field and Laboratory Reagents 

VII Field and Laboratory Analyses 

VIII Safety 

IX Records and Reports 



♦Training guide materials are"presen^eOFrTlJrmer^ *. 
These standardized headings are used through this series of procedures. 
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EFFLUENT MONITORING PROCEDURE : Determination of Oil and Grease 



INTRODUCTION 



Section I 



TRAINING GUIDE NOTE 



REFERENCES/RESOURCES 



The terms oil and grease are not clearly defined. 

The defini tion de pends on the„pr-Ocedure^used, For - 

example, the solvent used to extract the grease and 
oil, and the presence of extractables which are 
neither grease nor oil, will affect the results. 
Hydrocarbons, esters, oils, fats, waxes and high 
molecular weight fatty acids feel greasy and are 
associated with greasy problems in wastewater 
treatment plants. Gasoline, heavy fuel and 
lubricating oils and asphalts are included in the 
term oil . 

Oil and '^ease interfere with. wastewater treatment 
by coating particles of organic matter, thus in- 
hibiting oxygen transfer and stabilization by 
micro-organisms. 

They can coat equipment, reducing its efficiency, 
and can cause a safety hazard on walkways and 
ladders. 

The test dexcribed in this instruction can be found Methods- for Chemical 
in the 1974 EPA Methods Manual on page 229. Another, Analysis of Water and 
reference which has an acceptable procedure for this Wastes, 1974, EPA, MDQARL 
test for NPDES purposes is 14th ed. Standard Methods Cincinnati, Ohio 45268. 

on OaaP ^'l^ ^ nnn « 




p. 229. 



Standard Methods for the 
Examination cf Water and 
Wastewater, I4th ed. , 



1975, APHA, New York, NY, 
p- 51b. 
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FIELD ANO LABORATORY EQUIPMENT 



Section V 





Tn ATHTM*^ /»iiTnr matt 

TRAINING GUIDE rlOTE 


REFERENCES/RESOURCES 


A.1.1 




If the glassware is especially dirty and cannot be 
cleaned with ordinary detergents, chromic acid 
cleaning may be requirad'. 






1. Pour 35 ml of distilled water in a 250 ml beaker. 


13th Standard Methods, 
p. 135, section 2.C.2 




2. Add about 1/8 teaspoon (simply estimate this 
quantity) of sodium dichromate, NapCroO,, to 
the water. ^ ^ ' 






3. Swirl the beaker until the sodium dichromate has 
dissolved. ^ . I 





4. Keep repeating steps 2 and 3 until no more 
sodium dichromate will dissolve. • - ^ 

5. Pour the solution Into a 2 liter beaker, 

6. Slowly pour 1 liter of concentrated sulfuric 
acid, HgSO^, into the 2 liter beaker. 

Caution: Use eyeglasses and protective clothing. 

7. Stir the mixture thoroughly. 

8. Store it in a glass stoppered bottle. 

9. The cleaning solution should be at a temperature 
of about SO^'C when it is used. 

10. It may therefore be necessary to warm the 
cleaning solution. 

n. When using the warm cleaning solution, fill the 
piece of glassware with .the solution, 

12. Allow it to soak for 2-3 minutes (or longer). 

13. Pour the cleaning solution back into the storage 
bottle. 

14. Rinse the piece of glassware ten times with tap 
water,. 

15. The cleaning solution may be reused until it turns 
green. 

IC. It should then be discarded. 



P 
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EFFLUENT MONITORING PROCEDURE;-- Determination of Oil and Grease 



FIELD AND LABORATDRY. EQUIPMENT 



Section V 



TRAINING GUIDE NOTE 



REFERENCES/RESOURCES 



AJ.4 



Toward the end of this determination, TF/D will be 
evaporated from the distilling flask, and therefore 
^ lost. The TF/D may, however, be distilled from the 
--flask and recovered -for-later reuse. This- is-the - 
reason for using a distilling flask. (See fig, 3) 

Depending on how the plant outfall is constructed, 
^ there will probably be several ways in which the 
sample can be collected in the-. bottle. Whichever 
method is chosen, make sure th^t it is done in the 
same manner each time. 
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EFFLUENT MONITORING PROCEDURE: Detemination of Oil and Grease 



Blank Determination 

Weight of di3tining flask after evaporation 

of the 100 nil of TF/D = E - = „^ ^ 

grams 

Weight of the empty distilling flask used to 

determine the blank = F - * 

— — _ ^i?ajns 

Value of blank; D = E-F 



Sample Determination 

Weight of distilling flask + the oil/grease 
residue = A 

Weight of empty distilling flask used for 
the sample = B 

Volume of sample = C 



•grams 
grams 

milliliters 



Milligrams of oil/grease residue per liter sample = C(A"b)>Dl x 1000 x lOQQ 
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A PROTOTYPE FOR DEVELOPMENT OF 
ROUTINE OPERATIONAL PROCEDURES 

for the 

DETERMINATION OF AMMONIA 
BY AN AMMONIA SELECTIVE ION ELECTRODE 



as applied In 

WASTEWATER TREATMENT FACILITIES 

and In the 
MONITORING OF EFFLUENT WASTEWATERS 



Developed by the 

National Training Center 
Municipal Operations and Training Division 
Offke of Water Program Operations 
U.S. Environmental Protection Agency 
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EFFLUENT MONnuRLNG PROCEDURE: Determinatton of fimonU by an Amionia 

Selective Ion Electrode 

This Operational Procedure was developed by: 
NAME John D. Pfaff 

ADDRESS EPA,- OWPO, Nattonal Training Center, Cincinnati, Ohio 45268 

POSITION Cheri St- Instructor '* 

EDUCATION AND TECHNICAL BACKGROUND 

B.S. Chemistry 

3 years - Research Chemist 

13 years - Training Instructor 
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^FLUENT MbtilTORINfiTROCEOURE;^ Oetewmiflatlon of Amnonia by an Anwonla 
• . ' ^ . .Selective Ion Electrode 

1. Objective: 



To pl/ce an Or^on** ammonia electrode and specific Ion meter Into oper'>t1on 
to, m.iKe a detei^lnatlon^'of the amnonia concentration ^n an effluent sample. 



2. Brief Description of */!rnalys1s: 



Following c manual distillation of the sample at a pH of 9.5 the amnonia 
concentration is determined using an amnr»c.n1a selective electrode ajid a specific 
ion meter. The procedure Includes electrode assembly, membrane Installation.^ 
and calibration of the meter. 

3.' Applicability of this Procedure: 

a. R?rge of Concentration^;..,^*^ • . * 

0.03 to 1.0 Tng^^j-N/liter 

Information is given so the same stepwise procedure can be used for 
concentrations up to 1400 mg/liter. ' ' ^ 



.b.Pretreatwent of Samples: 

The Federal Register Guidelines specify manual distillation of the sample 
V at pH 9.5^ unless, sufficient acceptable proof exists to show that non- 
distilled samples y^lpld comparable data. The distillation procedure is 
not included in this write-up because thb step- wise dirsctions'are in the 
EMP, "Nitrogen, Ammonia Determination." 

c. Treatiflent of Interferences in Samples: 

two Interferences ar:i listed in the Source of Procedure*. It notes that 
volatile ar.ines in samples contribute to high results. However, no remedy 
is giver, so treatment for this Interference is not included 1n this procedure. 
The other interference is the presence of mercury which forms a complex with ' 
ammonia to give low results. The Training Guide in this EMP inciudes remedies 
for thi interference. 



♦Source of' Pi^ocedure: Methods of Chemical Analysis of Water and Wastes, 1974, 
. Environmental* Protection Agency, Methods Development and Oualltv^jAftjurance 

Research Laboratory, Cincinnati, Ohio, p. 165 

and . 

Instruction manual for Probe and Meter, Orton Research Inc., Cambridge, MA 02139. 



♦4lention of a particular brand name does not constkute endorsement fay the 
U.S. Enviromnental Protection Agency 



Psge tio/ 9-4 
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NITROGEN SERIES DETERMINATION FLOW SHEET 



SAMPIE 



DiGEST 



DtSTIU 



TtTRiMETRIC 
AS 
TKN 



DiSTtll 



COLORiMETRlC 
AS 
TKN 



POTENTIO- 
METRIC 
AS 

TKN ' 




TtTRiMETRIC 
AS 

AMMONIA 



COIORIMETRIC 
AS 

AMMONIA 



CADMIUM 
RED. OF 

NITRATE TO 
NIIRITE 



POTENTIO* 
METRIC 
. AS 
AMMONIA 



AMMONIA 



0 TOTAL KJELDAHL VALUE 
(D AMMONIA VALUE 
d) ORGANIC NITROGEN VALUE 
® NITRIJE VALUE 
(D NITRATE VALUE 



-MINUS- 



COLORiMETRlC 
DETERMINATION 
TOTAL NITRATE 
AND NITRITE 



/ 



COLORiMETRlC 
DETERMINATION 
NITRITE ONLY 



MINUS 



ORGANIC 
NITROGEN 

(3) 



NITRATE 

(D 



EFFLUENT MONITORING PROCEDURE: Determination of Anmonia by an Ammonic 

Selective Ion Electrode 



Equipment and Supply Requirements 

A. Ca'^ital Equipment: / 

1. Orion Specific Ion Meter, Model 401, 407, or 407A 

2. Orion Ammonia Electrode, Model 95-10 

3. Magnetic stirrer 

4. Analyticay balance, 200 g capacity 

5. Trip balance, 500 g capacity 

6., V,dter still and ion exchange column containing a strongly acidic cation 
exchange resin mixed with a strongly basic anion exchange r^stn 

7, Stijl/for distillation of samples (For details see the EMP, "Determination 
of lotal Kjeldahl Nitrogen," which contains this procedure.) 

B. Reusabl^ Supf ies: - 

l*x?XX;)f*eakers, 150 ml, 'two plus one for each sample 

2. One/cylinder, graduated, 100 ml 

3. One flask, Erlenmeyer, -grcduated, 1000 ml 

4. Three. flasks, volumetric-, 1000 ml 

5. One-^.fjWsk, yolumetric, 250 ml - ' . 
; - 6. One pipet,;;v9]umetric, 1 ml 

7. Two pipets. Volumetric,, 10 p:1 - u 

8. One pipet^ vqlunietrdc,-2'^ ml - 
9* One pipet, volumetric, 100 ml 

10. One pip^t bulb * : 

11. One plastic wash bottle 

12. One pair safety glasses 

13. One spatula, medium size 

14. One laboratory ap'^orl ^ 

C. Consumable Supplies: 

1. Sodium hydroxide, NaOH, reagent grade, 1 lb. unit 

2. Amndnium chloride, NH.Cl, analytical grade, 4 oz. unit 

3. Brushes and soap to clean glassware 

4. Wax marking pencil 

5. Disposable paper wipers 

6. Two plastfc weighing boats * 
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EFFLUENT '-'ITORING PROCEDURF.: Detennination of Ammonia by an Anmonia Selective 

Ion Electrode ^ 



opERAiiNG Procedures ^ 


STEP SEQUENCE 


'iNFORMATfON/OPERAtING GOALS/^ECIFICATIONS 


TRAINING 
GUIDE NOTES 


DETERMINATION OF AMMONIA 






I 


A, Sample Preservation 






1. Collection 


1. Collect a minimum of 400 ml 
in a plastic o*" glass 
container^ 


la. Because organic nitrogen is progressively formed 
by biological activity, the detennination of 
animonia is best made on a fresh sample. 






2. Cool to 4^C. 


2a;- Sample may be held for 24 hours. 


< 


2. Addition of 
preserva L 1 ve 


1. If more storage time is 
needed, Z ml of.concen- .-^ 
trated sulfuric acid, 
HgSO^, per liter may b< 

added before cooling. 


la. When acid is added there exists the possibility 
of breakdown of organic nitrogen to form anmonia. 
This addition is done only if storage time in 
excess of 24 hours is expected. 


if 


B, Equipment Preffaration 








1, Glassware 


1. Clean all glassware in 
suitable detergent. 


la. Distilled water should drain without leaving any 
droplets. 






2. Rinse with ammonia-free 
distilled water. 


2a. See section C.l .la. 




2, Still cleaning 

^ 3, Specific ion meter 
preliminary check 


1. Clean the still until the 

di*^t' 'to chnw<? nr. tr*;»r*a 

of : jT.onia, 
1 ♦ Check -meter zero, 

• 


la. For this, procedure consult the Training Guide 
or the FMP, Detennination of Total Kjeldahl 
Nitrogen." 

la. With the instrument turned off the needle on the 
meter should point to the center of the scale. 
If not, a screw adjustment is located on the meter 
face. 


I.B.2 
(p. 23) 
V.B.2.1a 
(p. 28) 
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EFFLUENT MONITORING PRQCEDURF : Determination of Anmonia by an Annonia Selecti 
o Ion Electrode 



OPERATING PROCEDURES 


STEP SEQUENCE 


INFORMATION/OPERATING GOALS/SPECIFICATIONS 


TRAINING 
GUIDE NOTES 


B. EQuiDni6nt Preoaratinn 
(continued) 


? Turn ^'iinnt'^nn n.i4 4-/*ki 4-a 

the BATT position. See 
Figure 4. 

3. Replace batteries if 
necessary. 


2a. Figure 4'^is in the Training Guide. 

2b. The needle should swing past the green BATT OK 
area on the right side of the meter face. If 
the needle fails to pass the green area, replace 
the batteries. 

3a. Replace with two 4.5 volt alkaline type 
batteries— NEDA #1306A (Mallory-#MN-1306, 
Ever eady-#523 or Burgess #AL 133). 

3b. Place Instrument face down and remove four 

recessed screws. Lift off rear panel and remove 
batteries. Check connections for corrosion and 
remove any if it exists. Replace batteries 
matching the marked polarity. Repeat battery 
test and i,f okay, replace panel. 

la. The shorting strap is a single wire with the 

same type connectors that are on the electrode, 

one on each end. 
ID. insert large connector into large input jack on 

the instrument panel and small connector into 

small red input jack. 

2a. If the -needle is not on scale, turn calibration 
control to bring the needle on scale. 

2b. If after coming to rest in one position the 

needle does not remain stable, the instrument is 
not functioning properly and should be serviced. 


V. 8^3. 2a 
(p. 26) 

i " 
U 


4. Specific ion meter 
operation, check 


1. Insert shorting strap in 
electrode connectors. 

2. Turn function switch to any 
measuring position (not 
battery test). 


C. Reagent Preparation 
1. Distilled water 
^ - 6 J 


1. Prepare about six (6) 
liters of distilled water. 

• This water should be free 
from arrmonia. 


la. Pass distilled water through an ion-exchange 
column containing a strongly acidic cation ex- 
change resin mixed with a strongly basic anion 
exchange resin. 
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FLUENT MONITORING PROCEDURF: Determination Amnonia fay an Ammonia Selective 

Ion Electrode 



OPERATING PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



Reagent Preparation 
(continued) 

2. Ammonium chloride 
stock solution 
(1000 mg 
NH3-N/ liter) 



3. Ammonium chloride 
intermediate 
solution 

(10 mg NHj-N/liter) 



1. Weigh out 3)319 g of 
ammonium chloride (NH^Cl). 

2. Transfer the chemical to a 
1 liter volumetric flask. 

3. Add about 500 ml of water 
to the flask, 

4. Dilute to the volur.ie mark 
with water. 



1 . Add about 500 ml of water 
to a 1 liter volumetric 
flask. 

2. Pipet 10 ml of stock 
(1000 mg NHg-N/liter) 

ammonium chloride solution 
into the flask. 

3. Dilute to the volume mark 
with water. 



la. Use an analytical balance. 



3a. Unless, otherwise specified the term water means 
ammonia-free water. 

4a. Label flask as ammonium chloride 1000 mg 
- NH3-N/ liter. 

4b. Mix well by shaking. 



?a. Use a 10 ml volumetric pipet. 



3a. 1.0 ml = 0.01 mg NH^-N. 

3b. Label flask as ammonium chloride 
10 mg NH3-N/ liter. 

3c. Mix well by shaking. 
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EFFLUENT MONITORING PROCEDURE: 



Determination of Ammonia by an Ammonia Selective 
Ion Electrode 



Page No, 9-10 



OPERATING PROCEDURES 



C. Reagent Preparation 
(continued) 



k Ammonium chloride 
standard solution 
o(l mg NHj-N/liter) 



Ammonium chloride 
standard solution 
(OJ mg NH3-N/ 

liter) 
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STEP SEQUENCE 



1. Add about 500 ml of water 
to a 1 liter volumetric 
flask. 

2. Pipet 100 ml of the inter- 
mediate, (lO mg NHj-N/liter) 

ammonium chloride solution 
into the flask. 

3. Dilute to the volume mark 
with water. 



1. Add about 150jnl of water 
to a 250 ml volumetric 
flask. 

2. Pipet 25 ml of the 
standard (1 mg NHg-N/liter) 

ammonium rhloride solution 
into the f.ssk. 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



2a. Use a 100 ml^ volumetric pipet. 



3a. Prepare dilution fresh daily, 
3b. 1.0 ml = 0.001 rtfg NH3-N. 

3c. Label flask as ammonium chloride 
1 mg NHg-N/liter. 

3d. Mix well by shaking. 



2a. Use a 25 ml volumetric pipet. 



TRAINING 
GUIDE ROTES 
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EFFuJENT MONITORING i>ROCEDUP.F. : Determination of Ammonia by an Anmonia Selective 

Ion Electrode 



OPERATING PROCEDURES > 


STEP SEQUENCE 


INFORMATION/OPERATING GOALS/SPECIFICAtlONS 


TRAINING 
GUIDE NOTES 


C. Reagent Preparation 
(continued) 

6. Sodium hydroxide 
solution, 10 M 


3. Dilute to the volume mark 
with water. 

1. Weigh out 400 g of sodium 
hydroxide (NaOH), 

2. Dissolve 400 g of 
sodium hydroxide in 800 ml 
of water in a 1 liter 
Erlenmeyer flask. 

3. Cool to room temperature. 

4. Dilute to the 1000 ml 
volume line with water. 


3a. Prepare dilution fresh daily. 
3b. 1.0 ml = 0.0001 mg NH3-N. 

3c, Label flask as ammonium chloride OJ mg NH^-N/ 

liter. ^ . 
3d, Mix well by shaking. 

la. CAUTION: This Is a strong base and should be 

handled with care. Us^ safety glasses, 
lb. Use a trip balance. 

2a. CAUTION: A large amount of heat Is liberated 
during dissolution. 

3a. Allow cold tap water to run on the side of the 
flask. 

'4a. This solution should be kept in a plastic 
container. 

4b. Label container as sodium hydroxide, 10 M. 




D. Assembly of Electrode 


1 . Unscrew the top portion of 
the electrode through 
which th^ wire passes. 

2. Lift out top and attached 
inner body of electrode. 


la. See Figure 1 in the Training Guide. 


V.D.I. la 
(p. 24) 
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EFFLUENT 'MONITORING PROCEDURE; Determlnatton of Amnonla by an Amnonla Sel4tive 

Ion Electrode 
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.OPERATING PROCEDURES 



D* Assembly of Electrode 
(continued) 
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STEP SEQUENCE 



3. Place inner body on flat 
clean surface 

4. Unscrew bottom portion of 
electrode outer body. 

5. Remove Orring, spacer, and 
old membrane; 



Remove a membrane^ from the 
the container with the 
tweezers. 



7. Place the new membrane In 
the bottom cap. 




INFORMATION/OPERATING GOALS/SPECIFICATIONS 



5a. If this Is the first use of the, electrode, there 
will be no old membrane In plate. The electrode 
Is shipped dry and without a membrane. 

5b. The 0-r1ng Is a red rubber ring. 

5c, The spacer Is a black plastic ring with a black 
0-r1ng recessed In a notch at one end around Its 
Inside diemeter. The end which has the 0-r1ng 
Is placed toward the bottom of the bottom cap. 

6a. The-'membranes are packaged with a blue packing 
paper between each membrane. Discard the blue 
packing paper. - - 

6b. The ^^^mhrane should not be handled. 

7a. With theUlmpled" side facing upward toward the 
Inner body and the patterned side facing down 
toward the sajjjple solution. See Figure 2 below. 





piMPtED PATTERNED 

FIGURE 2 



TRAINING 
GUIDE NOTES 



I.D.6a 
(p. 23) 
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FLUENT MONITORING PROCEDURt: ; 



Determination of Amnonia 6y an Ammonia Selective 
Ion Electrode- 



OPERATING PROCEDURES 


STEP ^^EQUENCE ■ 


INFORMATION/OPERATING GOALS/SPECIFICATIONS 


^ TRAINING 
•GUIDE NOTES 


D. Assembly of Electrode 
(continued) 


8. Replace spacer. 

9. Replace 0-rl\ig. 


^ 8a« With its recessed 0-ring down. 


\ 




\ 

10. Screw outer bbdy into 
bottom cap. V- 

11. Fill outer body^ith fill- 
the manufacturer .\ 

\ 

\ 

\ 


10a. Do this by turning the outer body,, not the" 
bottom cap. ^ 




\ 

\ 


11a. It is best to put the filling spout on the bottle 
This spout is provided With but not on the fill« 
ing solution. ^ 

lib. Fill the outer body with filling solution to 
about 1 cm above the goint) between the outer 
body and the bottom cap. If- the outer body is 
overfilled, the excess wi Inflow out of the vent 
hole when the inner body is replaced. 






12. Screw top cap and inner 
body onto outer body. 








13. Place assembled electrode 

Mitu iioiuer attaCneQ tO 

rod. on the meter. 


13a. Electrode must be held at a 20** angle with re- 
spect to the vertical to prevent air bubble 
entrapment under the electrode. 

13b. Orion Research Incorporated sells a holder 
(Cat. No. 920001j\) which has the proper angle 
and will work with their Model 400 series 
Specific Ion Meters. See Figure 3 in Training 
Guide. 


V.D.13b 
(p. 25) 


• 


14. Plug the electrode cable 
into the meter. 


14a. The electrode cable ends with an inout jack and 
a pin jack. They should be connected to the 
input connector and reference electrode connectors 
respectively of the specific ion meter. 

14b. The ammonia electrode does not require an 
external reference electrode. 

14c. See Figure 4 in Training Guide. 


'V.D.14C 
(p. 26) 
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EFFLUENT MONITORING PROCEDURF : Detennination of Aninonia by an Anr»nia Selective 

Ion Electrode 
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OPERATING PROCEDURES 



D. Assembly of Electrode 
(continued) 



E, Electrode Operation 
Check 
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^|tep sequence 



15, Lower electrode Into about 
100 ml of 0,1 M ammonia 
chloride solution, 

16, Allow electrode to stand 
for about one-half hour 
befgre use. 



1. transfer 100 ml oV o,l mg 
NlliWl iter standard 

. solution td a 150 ml , 
beaker. 



2, Place the beaker on the 
stir plate and add the 
stir bar to the beaker. 



3, Lower the electrode ijnto 
the standard solution). 



4, Turn on stirrer, ' 

\ 

\ 

5, Add 1 ml of the 10 M 
sodium hydroxide solution. 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



15a. The solution can be put Ipto a. small beaker. 



la. Use a 100 ml graduated cylinder, 
lb. This Is Reagent C.5. 



2a. Samples and standards should be stirred using a 
. maynfetlc stirrer; Some magnetic stirrers 
generate -sufficient heat to change solution 
t^perature. This effect can be minimized by 
placing a piece of insulating material on the 
stirrer (for example a piece of cork or a 
plastic petri dish). 
2b. Samples and standards should be at the same, 
temperature. 

3a. The solution should at least cover the joint * 
between the bottom cap aiid the outer body. 

3b. Make sure the stir bar does not hit the • 
electrode. 

4a. Provide a good mixing rate. However, do not stir 
solutions at so fast a rate as to cause a vortex 
to be formed. 

The sodium hydroxide should be added at 1 ml of 
10 M sodium hydroxide per 100 ml of (neutral pH 7 
solution. 

\ - (continued) 



TRAINING 
GUIDE NOTES 



4sr/ 



• 
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AFFLUENT MONITORING PROCEDURE ; Determination of Annonia^by an.Amnonia Selective 

Ion Electrode 



OPERATING PROCEDURES 



E. Electrode Operation 
Check (continued) 



STEP SEQUENCE 



6. Turn the specific ion 
meter function switch to 
MV EXP (Millivolts Ex- 
panded Scale). 

7. After 30 seconds adjust 
the meter to the genter 
scd^e. 



8. Turn the function switch 
to off. 

9. Raise the electrode out of 
the sodium hydroxide 
solution. 

10. Rinse the electrode with 
distilled water and blot 
dry with tissue. * . 



11. Transfer 100 ml of 1 
NHj-N/llter standard 

" solution to a 150 ml 
beaker. 



mg 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



5b. The pH of any solution to be tested with the 
electrode must be above 11 after the addition 
of the sodium hydroxide. "^^ 

5c. Caution: This is a caustic solution. Do not. 
allow contact with skin. * 

5d. Use a 1 ml pipet. 

5e. Do not add prior to electrode immersion. 

6a. This is read from the meter on the blue scale on 
Jlje #401 ; on the Mack scale on the #407 and 
407A. The expanded mode has a + 70 mv range. 
See Figure 5 in Training -Guide." 

7a. Turn the CALIB (calibration) knob and adjust 
the meter to* obtain a reading of 0 (center scale) 
on the millivolt scale. See Figure 4 in Training 
Guide. 



Ha. This is Reagent C.4. 



TRAINING 
GUIDr NOTES 



V.E.6a 
(p. 27) 



V.E.7a 
(p. 26) 
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EFFLUENT MONITORING PROCEDURE ; Determination of Ammonia by an Ammonia Selective • / Page No. 9-16 

Ion Electrode 



OPERATING PROCEDURES 


STEP SEQUENCE 


INFORMATION/OPERATING GOALS/SPECIFICATIONS 


TRAINING 
GUIDE NOTES 


E. Electrode Operation 
Check (continued) 


12. Place the beaker on the 
stir plate and add stir 
bar to the beaker. 

13. Lower the electrode into 
the standard solution. 

14. Add 1 ml of the 10 M 

. sodium hydroxide solution. 

15. Turn the function switch 
to MV EXP. 

16. After 30 seconds read the 
meter. 

17. Turn function switch to 
off. 


12a. The stir bar should be rinsed with distilled 
water between uses. 

13a. Make sure the stir ber does not hit the electrode 

14a. Do not add prior to electrode iimiersion. 
14b. Use same pipet as in the previous procedure. 

16a. The reading should be taken from the same 

millivolt scale that was used to set the previous 
concentration. 

16b. The reading should show a change of apprScimately 
59 mv. This change (59 mv) will occur for every 
tenfold change in concentration because of the 
electrode make-up. 

16c. If an mv reading near 59 mv is not obtained, 

check all standard dilutions and repeat all-^. J 
steps in section E. / 

16d. If continued failure to obtain an mv change nearc. 
59 mv occurs, contact the electrode manfacturer. 
« 

17a. Always set this position before lifting any 
electrode from the solution and when the meter 
is not actually measuring. This will extend the 
life oV the batteries and protect the meter. 




4S5 






486 



f, 



■FLUENT MONITORING PROCEDURF: Detfimination of Annonia by an Anmonia Selective 

Ion Electrode' 



OPERATING PROCEDURES 


1 » 

STEP SEQUENCE 


INFORMATION/OPERATING GOALS/SPECIFICATIONS 


TRAINING 
GUIDE JiOTES 


F. Calibration 

0 








0 


1. Setting m1d-scale 
range 


1. 


Transfer TOO ml of the 
0.1 mg NHj-N/llter 

stanaara solution to a 
150 ml beaker* 


la. The standards chosen should span the range that 
the sample concentration 1s expected to be In* 

lb. With the standards j)reparec: In this EMI? a range 
will be covered from 0.01 to 1.0 mg NHo-N/11ter 
(0.01 to 1.0 ppm). ^ ^ ' 

ic. use a 100 ml graduated cylinder. 


V.F.I. la 
(p. 28) 

• 




2. 


Place the beaker on the 
stir plate and add stir 
bar to the beaker. 


y. ^ _ 
\ 


• 


/ 
/ 


3. 


Lower electrode Into the 
standard solut'lon. 


3a. Make sure the stir bar does not hit the 
electrode. 

Q * 






4. 


Turn on stirrer. 






* 


5. 


-TransferHTCml of the 
10 H sodium hydroxide v. 
solution to the' samet 
beaker. 


ba. Do not add prior to electrode Immersion. 
5b. Use a 10 ml graduated pipet. 

{> 






6. 


Use appropriate range pH 
paper to check If the pH 
Is greater than IK 


wia . 11 iiuL;uuu more souium nyaroxiue until pH is 
greater than 11. 




V 


7 * 


Turn the Instrument func- 
tion switch to the mono- 
valent anion position. 


V 

7a. This position Is labeled differently on the 
various meters-^ In the Orion 400 series. On the 
401 and 407A it is marked x"'. On the 407 it 1<: 
F". See Figure 4 in Training Guide. 


V.F.I. 7a 
(p. 26) 

1 






After the meter stops 
drifting, read the meter. 


8a. Response of the electrode will be faster for 
higher concentrations of ammonia and slower for 
lower concentrations.' They can var;y from less 
than 30 seconds to^about 10 minutes." 

(continued) 
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lEFFLOSNf MONITORING PROCEDURR ; Determination of Anmonla 
Ion Electrode 



by an Ammonia Sjelectlve 
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OPERATING PROCEDURES 



-F- Calibration 
(continued) 



STEP SEQUENCE 



2. .Sett"1ng,_h1gh-scale 
range ; ^ 



48D 



9. Use the calib (calibra- 
* tion) control and adjust 

the meter needle to read 

at center scale. 



10^ Turn function switch to 
off. 

11. Raise the electrode. ' 

12. Rinse the electrode with 
distilled water and blot 
dry w,ith tissue. 

1. Transfer 100 ml of the 
1.0 mg NH-.-N/i;+er 

standard solution to a' 
[50 ml beaker. ^ 

2; flace the beaker on the 
ir plate and add stir 
to the beaker. 




3. Loier electrode into the 
standard solution. 

4. >Turn on stirrer. 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



8b, The reading should be taken from the concen- 
tration scale which is usually color coded to 
match the color of the monovalent position on 
the func^^ > 'itch. The scale is usually the 
topmr . is logarithmically divided. 

9a. The marking at center scale is different for the 
various meters. It Is 100 for the 401 and 407 
and T for the 407A. See Figure 5 in Training^ 
Guide. 

9b. After the adjustment has been made, this center 
position win represent a concentration of 0.1 
NHj-N/llter. - , - 




TRAINING 
GUIDC NOTES 



V.F.I. 9a 
(p. 27) 



la. Use a 100 ml graduated cylinder. 



t 



3a. Make sure th^' stir bar does not hit the 
electrode. 



490. 



lUENT MONITORING PROCEDURF; Determination of Amnonia by an Anmonia Selective 

Ion Electrode 



OPERATING PjlQCEDURES 
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STEP SEQUENCE 



5, Trjansfer 1,0 ml of the 
10 M sodium hydroxide 
solution to the same 
beaker. 

6, Use appropriate range 

pH paper to check if the 
pH is greater than 11 . 

7^ Turn the function switch 
to the monovalent anion 
position. 

8. After the meter stops 
drifting, read the meter. 

9. Use the "Temp. X" control 
and adjust meter needle 
to read at far right 
position. 



10. Turn function switch to 
off. 

Ij. Recalibrate as needed. 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



5a. Do not add prior to immersion. 
5b. Use a 10 ml graduated pipet. 



6a. If not, add more sodium hydroxide until pH is 
greater than 1 1 . 



8a. Use same uppermost scale as used for previous 
concentration. 

9a. For location of this control knob, see Figure 4 
in Training Guide. 

9b. Again the marking will vary by instrument. It 
will be 1000 on the 401 and 407 and will be 10 
on the-407A. See Figure 5 in Training Guide. 

9c. Thjs position* now represents a concentration* of 
- 1.0 mg NHj-N/liter and the instrument has been" . 

adjusted to represent 0.01 mg to l.C mg 
NHj-N/liter over the full scale of the7meter 

face. 

9d. Values below.13.03 mg NHj-N/liter should be 

disregarded because of a deviation from normal 
response curve. 



11a. It is advisable to standardize electrodes 3 or 
4 times a day by carrying out steps in 
section F.' . 



(continued) 



TRAINING 
GUIDE NOTES 



V.P.2.9a 
(p. 26) 
V.F.2.9b 
(p. 27) 
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OPERATING PROCEDURES 



F. Calibration 
(continued) 



G. Pnocedure 



H. Storage 

1. Between readings 



STEP SEQUENCE 



1. After the calibration has 
been completed, read each 
sample concentration by 
doing the following 
steps. 



V*. 



Rinse electrode. 



3. Add 1.0 mT or more rfp • 
sodium hydroxide solution 
after Immersion -of . \ 
electrode until pH Is 
greater than pH 11. 

4. Read after drifting has 
stopped. r 



1. Inmerse electrode in- 
— aWc^Mne-standardtztng- 



solution. 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



lib. Always use fresh solutions of the standards 
for recall brat 1 on. 



la. Use 100 ml volumes in 150 ml beakers. 



4a. Read concentration directly 1n mg NHg-N/liter 

from the concentration scale. ' 
4b. Do not adjust calib (calibration) or Temp ^C 
(temperature-compensator)"Controls-after " 
\ calibration. If they are changed, recalibrate 
instrument. 



_la. You can .use_one3f the-standardizifig. solutions 
with To M iodium hydroxide which you Used in F, 
calibration. 

lb. The electrqde should be immersed between 
measuranents. c 

Ic. Do not store in air* 



TRAINING 
GUIDE NOTES 
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OPERATING PROCEDURES 


STEP SEQUENCE 


f 

INFORhWTION/OPERATING GOALS/SPECIFICATIONS 


TRAINING 
GUIDE NOTES ' 


H. Storage 
(continued) 








2. Overnight 


1. Invnerse electrode in 
ammonium chloride stock 
solution (1000 mg 
NH^-N/liter) 


la. Without sodium hydroxide. 


■ 


3. Prolonged time 


1. Disassemble electrode 
completely. 

2. Rinse with distil'red 
water. 


2a. Rinse inner body, outer body and bottom cap. 




4. Membrdne 
replacement 


3. Dry and reassemble.. 

1. Follow steps under pro- 
cedure D» Assembly of 
Electrode.' . 


3a. Without filling solution or rrembrane. 
3b. Discard membf^ane. 


t 'i 

V.H,4 ^ 
(p. 28) 






• 





4 
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TRAINING GUIDE 




SECTION 


TOPIC -J 




I* - 


Introduction. 






Educational Concepts ^ Mathematics 


^>-'b, ^ " • 


T T T 
III 


Educational Concepts - Science 


%>- 


IV 


Educational Concepts - Communications 




V* 


Field and Laboratory Equipment , 




VI 


Field and 'Laboratory Reagents 




VII 


Field and Laboratory Analysis 




VIII 


Safety 




IX ' 


Records and Reports 



























- --I 



♦Training guide materials are presented here under the headings^ marked 
These standardized headings ar^.used through this serf^is of procedures. 
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EFFLUENT K0NIT0RIN6 PROCEDURE ; Determination of Anwonia by an Ammonia 

Selective Ion Electrode 



INTRODUCTION 



Section i 



B.2 



D.6a 



TRAINING GUIDE NOTE 



Ammonia has been of interest to both water and 
wastewater treatment plants for years. The content 
of ammonia in the effluent watensiof a wastewater 
plant can indicate to the operator the efficiency 
of operation at which the. plant is be in g run 



"furthermore, ammonia can Save a significant effect 
on the disinfection of water with chlorine. Con- 
sequently, monitoring the concentration of ammonia 
should be routine. The analysis of ammonia con- 
centrations is also the basis for routine determi- 
nations 9f total nitrogen or of organic nitrogen 
in effluent samples » 

The test described in this instruction can be 
found in the 1974 EPA Methods Manual on page 165, 
No other reference is cited in the Federal Register 
Guidelines, However, the referenced EPA Methods ' 
Manual in turn refers the analyst the manu- 
facturer's operating manual for the specific ion 
meter' be'ing used. 

,^ - ' " 

Distillation is not required if comparability data 
on representative effluent samples are on file to 
show that this preliminary distillation step is hot 
necessary. However, manual distillation will be 
required to resolve any controversies. 

If the determination is to be run as part of the 
total Kjeldahl nitcpgen. determination, distillation- 
must be carried out. Any mercury in the sample 
will form a complex with the ammonia and act as an 
interference. This will be taken care of in. the 
distillation procedure by the addition of the 
sodium thiosulfate. 

(If mercury is'present and the sample is not tr hp 
distilled,fadd 0.2 g sodium thiosulfate to the 
sampleV to complex the mercury before the determ'i- ^ 
nation of ammonia).^ . 

The ammonia electrode uses a membrane which^444^not 
allow water or ionic species to migrate across it. 
However, the ammphia dissolved in the sample,- can^ 
diffuse through theinembrane until thfe concentration 
- of the 'apwnia is the same on both sides of the , 
membrane;* 'Thf,^reference element, contained in the 
ammonia eJiBc|!i;oae;itself, is the same as used in < 
the chloride/ iggeif 1c io/) electrode. /It senses the 
fixed level of/the chTdride jn the ammonia chloride 
internal filling ^?olution, thereby acting as a 
reference electrode for the ammonllb electrode. 



REFERENCES/RESOURCES 



Methods for Chemical 
Analysis of Water and 
Wastes, 1974, EPA, 
MDQARL, Cincinnati; 
Ohio, 45268, p, 165. 



New Federal Register 
Guidelines, (1976), 
note #4, 



Methods for Ch^ical 
Analysis of Water and 
Wastes, 1974, EPA, 
W)QARL, Cincinnati, 
Ohio 45268, pg. 175. 



op. cit. 
pTTSr 
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Selective Ion Electrode 



FIELD & UBORATORY EQUIPMENT 



Section V 



TRAII^ING GUH)E NOTE 



REFERENCES/RESOURCES 



0.1.1a 



ASSEMBLY INSTRUCTIONS 



'top cap 



O-ring — 



vent hole 

inner body • 
> outer body ' 



~ botiom cap 



I 



I—- red 0-ring 

- spacer (black 0-ring 
kNw down) 
■ ^membrane 
" bottom cap 




Fill to here. 



FIGURE 1 
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lELD & UBORATORY EQUIPMENT 



Section V 



TRAINING GUIDE NOTE 



0.13b 



REFERENCES/RESOURCES 




FIGURE 3 
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EFFLUENT MONITORING PROCEDURE: 



Determination of Ammonia by an Awnonia 
Salective Ion Electrode' 



FIELD & LABORATORY EQUIPMENT 



Section v 



TRAINING GUIDE NOTE 



REFERENCES/RESOURCES 



B.3.2a 
D.14C 
E'Ja , 
F.l.Ta.^ 
F.2.9a\ 




FIGURE 4 
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Selective Ion Electrode i 



I' ^fclELoW UBORATORY EQ(/'lPMEOT • 




Section V\ 


5 i 


' / TRAINING GUIDE NOTE 


references/resoWes 



E. 6a 

F. 1.9a 
F.2.9b 



MODEL 401 



60 100 




'''''''^^ CONCINTHATION SCAU 



^ MIlllVOlT SCAll 



MODEL 407 t 



^PO CONCENTHATION SCAll> 




MIlllVOlT SCAll 



MODEL 407A 



y CONCENTIUTION SCAll 




MIlllVOlT SCAie 



FIGURE 5 • 
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FIELD AND LABORATORY EQUIPMENT 



Section V 



B.2.1a 



FJ.la 



H.l-.lc 



H.4 



TRAINING GUIDE NOTE 



REFERENCES/RESOURCES 



Add a 1 + 1 irtlxture of ammonia -free dlstllled^ater 
and sodium hydroxldersodlum thlosulfate^^eltftlon to 
each Kjeldahl fUsk to be usM. M/l^^ss beads ^ 
and,- using appropriate aaoajPt^uttS, distill 50 ml of 
thisvsolutloh. The dijftlllate should be chtcked to 
1ns\ire that It Is. ammonia-free. Th^s can be done ' 
.with the ammonia probe and meter or.oy use of the 
Nessler's color reagent. 

- In using a specific ion meter the calibration range 
Is arbitrary within the appropriate range of the - 
method .^^ Should the samples to be run fall outside 
the range of 0.01 to 1.0 mg NHj-N/llter, a new range 

can be set on the Instrument. This Is done In the 
same manner as set down In section F but using a 
tenfold concentration increase. For example, using 
the 1.0 mg NHj-N/llter solution In step F.IJ and 

a 10 mg NHj-N/llter solution In step F.2.1 gives a 

range of o;i to 10 mg NH^-N/llter* ^ 

If the electorde ii accidentally left In the air, 
rather than In a solution,' that portion of the 
Internal filling solution between the inside of the 
membrane.-and the sensing element will dry out. To 
restore the electrode to operatiofj hold the elec- 
'trode by the outer body and, grasping the electrode 
cable directly above the capt.pull on the cable 
so as to lift the sensing element off the membrane. 
Fresh/iaternal filling solution wi 1,1 now flow under 
the membrane. The' electrode will now. be ready for 
t^se. , 

Membrane ifailure is , characterized by a shift In 
electrode potential, drift and poor response. Mem-* 
brane failure may be apparent on visual inspection 
as dark spot^s. or discoloration of the menbrane. ' 
Handling the membrane during installation' may ad- 
versely effect it and shorten its life. Handle the 
membrane with the tweezers provided. A membrane 
^will.last from one week to several months depending 
on usage* 
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Instruc^on Manual 
Ammonia Electrode 
Model 95t>10, Orion 
Research, Inc., 
Cambridge, MA .02139. 



Ibid 
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